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(54) DEVICE FOR OPTICAL COMMUNICATION 
(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a device for optical communication which 
has low connection loss between mounted optical components and has 



excellent connection reliability. 

SOLUTION: In the device for optical communication consisting of a substrate 
for mounting an integrated circuit chip and a multilayer printed circuit 
board, a light receiving element and a light emitting element are mounted 
at the side of the board for mounting the integrated circuit chip opposed 
to the multilayer printed circuit board so that the light receiving part 
and the light emitting part are exposed, respectively. An optical waveguide 
is formed at the side of the multilayer printed circuit board opposed to 
the substrate for mounting the integrated circuit chip. An optical signal 
is transmitted through the optical waveguide and the light receiving 
element or the light emitting element. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the device for optical communication which consists of a 
substrate for IC chip mounting, and a multilayer printed wiring board. To 
said substrate for IC chip mounting A photo detector and a light emitting 
device are mounted so that a light sensing portion and a light-emitting 
part may be exposed to said multilayer printed wiring board and the side 
which counters, respectively. To said multilayer printed wiring board The 
device for optical communication characterized by being constituted so that 
optical waveguide may be formed in said substrate for IC chip mounting, 
and the side which counters and a lightwave signal can be transmitted 
through said optical waveguide, and said photo detector or said light 
emitting device. 

[Claim 2] said substrate for IC chip mounting — a substrate top — a 
conductor — the conductor with which laminating formation was carried out 
and said substrate of the resin insulating layer [ a circuit and ] between 
layers was pinched — the conductor with which the through hole connected 
and circuits sandwiched said resin insulating layer between layers — the 
device for optical communication according to claim 1 to which circuits 
are connected by the Bahia hall. 

[Claim 3] said multilayer printed wiring board — a substrate top — a 
conductor — the conductor with which laminating formation was carried out 
and said substrate of the resin insulating layer [ a circuit and ] between 
layers was pinched — the conductor with which the through hole connected 
and circuits sandwiched said resin insulating layer between layers — the 
device for optical communication according to claim 1 or 2 to which circuits 
are connected by the Bahia hall. 

[Claim 4] Said substrate for IC chip mounting and said multilayer printed 
wiring board are a device for optical communication given in any 1 of claims 
1-3 in which the solder bump is formed in order to transmit an electrical 
signal. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] This invention relates to the device for optical 
communication. 

[0002] In recent years, attentions have gathered for the optical fiber 
focusing on the communication link field. In especially IT (information 
technology) field, the communication technology which used the optical 
fiber for maintenance of the high-speed Internet network is needed. In the 
communication system using the optical fiber which has the descriptions, 
such as ** low loss, ** high bandwidth, ** narrow diameter and a light weight, 
no ** guiding, and ** saving resources, and has this description, compared 
with the communication system using the conventional metallic cable, the 
number of repeaters can be reduced sharply, construction and maintenance 
become easy, and an optical fiber can attain economization of communication 
system, and high-reliability-ization. 

[0003] Moreover, since an optical fiber can multiplex the light of the 
wavelength from which not only the light of one wavelength but many differ 
to coincidence with one optical fiber, it can realize the transmission line 
of the large capacity which can respond to various applications, and can 
respond to image service etc. 

[0004] Then, in network communication, such as such the Internet, using 
the optical communication using an optical fiber not only for the 
communication link of a backbone but for the communication link with a 
backbone and terminal equipments (a personal computer, mobile one, game, 
etc. ) and the communication link of terminal equipments is proposed. Thus, 
when using optical communication for the communication link with a backbone 
and a terminal equipment etc. , it is necessary to attach the device for 
optical communication in a terminal equipment, and what was equipped with 
optics which process the optical waveguide which transmits a lightwave 
signal to a substrate, and a lightwave signal, such as a photo detector 
and a light emitting device, as a device for optical communication is 
proposed. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the conventional device 
for optical communication was not enough satisfactory in respect of 
connection dependability. This is considered to be because for the low 
connection loss in the factor for attaining the optical communication which 
is excellent in connection dependability, i. e. , the connection between 
optics, (for example, connection with connection between an optical fiber 
and optical waveguide, optical waveguide and a photo detector, or a light 
emitting device) to fully have not been securable. 
[0006] 



[Means for Solving the Problem] Then, in order to secure low connection 
loss in connection between optics, as a result of inquiring wholeheartedly, 
in case this invention persons mounted an optic on a substrate and/or in 
a substrate, they hit on an idea for each optic to be mounted in a position, 
namely, for low connection loss to be secured by losing location gap of 
each optic, and completed the device for optical communication of this 
invention which consists of the following configuration. 
[0007] The device for optical communication of this invention is a device 
for optical communication which consists of a substrate for IC chip mounting, 
and a multilayer printed wiring board. Namely, to the above-mentioned 
substrate for IC chip mounting A photo detector and a light emitting device 
are mounted so that a light sensing portion and a light-emitting part may 
be exposed to the above-mentioned multilayer printed wiring board and the 
side which counters, respectively. To the above-mentioned multilayer 
printed wiring board Optical waveguide is formed in the above-mentioned 
substrate for IC chip mounting, and the side which counters, and it is 
characterized by being constituted so that a lightwave signal can be 
transmitted through the above-mentioned optical waveguide, and the 
above-mentioned photo detector or the above-mentioned light emitting 
device. 

[0008] In the device for optical communication of this invention moreover, 
the above-mentioned substrate for IC chip mounting Circuits are connected 
by the through hole, a substrate top — a conductor — the conductor with 
which laminating formation was carried out and the above-mentioned 
substrate of the resin insulating layer [ a circuit and ] between layers 
was pinched — It is desirable for circuits to be connected by the Bahia 
hall, the conductor which sandwiched the above-mentioned resin insulating 
layer between layers — the above-mentioned multilayer printed wiring board 
a substrate top — a conductor — the conductor with which laminating 
formation was carried out and the above-mentioned substrate of the resin 
insulating layer [ a circuit and ] between layers was pinched — the 
conductor with which the through hole connected and circuits sandwiched 
the above-mentioned resin insulating layer between layers — it is 
desirable for circuits to be connected by the Bahia hall. Moreover, in the 
device for optical communication of this invention, in order to transmit 
an electrical signal, as for the above-mentioned substrate for IC chip 
mounting, and the above-mentioned multilayer printed wiring board, it is 
desirable to form the solder bump. 
[0009] 

[Embodiment of the Invention] Hereafter, the device for optical 



communication of this invention is explained. The device for optical 
communication of this invention is a device for optical communication which 
consists of a substrate for IC chip mounting, and a multilayer printed 
wiring board. To the above-mentioned substrate for IC chip mounting A photo 
detector and a light emitting device are mounted so that a light sensing 
portion and a light-emitting part may be exposed to the above-mentioned 
multilayer printed wiring board and the side which counters, respectively. 
To the above-mentioned multilayer printed wiring board Optical waveguide 
is formed in the above-mentioned substrate for IC chip mounting, and the 
side which counters, and it is characterized by being constituted so that 
a lightwave signal can be transmitted through the above-mentioned optical 
waveguide, and the above-mentioned photo detector or the above-mentioned 
light emitting device. 

[0010] Since the device for optical communication of this invention 
consists of a substrate for IC chip mounting with which the photo detector 
and the light emitting device were mounted in the position, and a multilayer 
printed wiring board with which optical waveguide was formed in the position, 
its connection loss between the mounted optics is low, and excellent in 
connection dependability as a device for optical communication. 
[0011] Moreover, in the device for optical communication of this invention, 
when coming to connect the above-mentioned substrate for IC chip mounting, 
and the above-mentioned multilayer printed wiring board through a solder 
bump, both can be more certainly stationed to a position according to the 
self-alignment operation which solder has. In addition, in order that, as 
for a self-alignment operation, a solder resist layer may crawl solder, 
solder says the operation to which it is going to exist in a stable 
configuration by near the center of opening for solder bump formation with 
the fluidity which self has at the time of reflow processing. Though 
location gap has occurred to both in front of a reflow in case the 
above-mentioned substrate for IC chip mounting is connected on the 
above-mentioned multilayer printed wiring board through the 
above-mentioned solder bump when this self-alignment operation is used, 
the above-mentioned substrate for IC chip mounting can move at the time 
of a reflow, and this substrate for IC chip mounting can be attached in 
the exact location on the above-mentioned multilayer printed wiring board, 
therefore, if it is alike, respectively and optics, such as a photo detector, 
a light emitting device, and optical waveguide, are attached in the exact 
location, the device for optical communication which is excellent in 
connection dependability can be manufactured by [ of the above-mentioned 
substrate for IC chip mounting, and the above-mentioned multilayer printed 



wiring board ] connecting the above-mentioned substrate for IC chip 
mounting on the above-mentioned multilayer printed wiring board through 
a solder bump. 

[0012] The photo detector and the light emitting device are mounted so that 
a light sensing portion and a light-emitting part may expose the substrate 
for IC chip mounting which constitutes the above-mentioned device for 
optical communication to the above-mentioned multilayer printed wiring 
board and the side which counters, respectively. As the above-mentioned 
photo detector, PD (photodiode) , APD (avalanche photodiode), etc. are 
mentioned, for example. What is necessary is just to use these properly 
suitably in consideration of the configuration of the above-mentioned 
device for optical communication, demand characteristics, etc. Si, 
germanium, InGaAs, etc. are mentioned as an ingredient of the 
above-mentioned photo detector. In these, a point to InGaAs which is 
excellent in light-receiving sensibility is desirable. 
[0013] As the above-mentioned light emitting device, LD (semiconductor 
laser), DFB-LD (distribution feedback mold-semiconductor laser), LED 
(light emitting diode) , etc. are mentioned, for example. What is necessary 
is just to use these properly suitably in consideration of a configuration, 
demand characteristics, etc. of the above-mentioned device for optical 
communication. 

[0014] As an ingredient of the above-mentioned light emitting device, a 
gallium, arsenic and the compound (GaAsP) of Lynn, a gallium, aluminum and 
the compound (GaAlAs) of arsenic, a gallium and the compound (GaAs) of 
arsenic, an indium, a gallium and the compound (InGaAs) of arsenic, an 
indium, a gallium, arsenic, the compound (InGaAsP) of Lynn, etc. are 
mentioned. That what is necessary is just to use these properly in 
consideration of communication link wavelength, when communication link 
wavelength is 0. 85-micrometer band, GaAlAs can be used, and in the case 
of 1. 3-micrometer band or 1. 55-micrometer band, communication link 
wavelength can use InGaAs and InGaAsP. Moreover, as for the above-mentioned 
substrate for IC chip mounting, it is desirable to form the solder bump 
for transmitting an electrical signal. Thereby, it is because an electrical 
signal can be transmitted between external electronic parts. 
[0015] Moreover, optical waveguide is formed in the side which the 
multilayer printed wiring board which constitutes the above-mentioned 
device for optical communication counters with the above-mentioned 
substrate for IC chip mounting. Therefore, a lightwave signal can be 
transmitted through optical waveguide. 

[0016] As an ingredient of the above-mentioned optical waveguide, quartz 



glass, a compound semiconductor, a polymer ingredient, etc. are mentioned, 
for example. In these, while excelling in workability, it excels in adhesion 
with the resin insulating layer between layers of a multilayer printed 
wiring board, and the point which is low cost to a polymer is desirable. 
[0017] As the above-mentioned polymer ingredient, a well-known thing can 
be used conventionally, and, specifically, the polymer manufactured from 
silicone resin; benz-cyclo-butene, such as polyimide resin; epoxy resin;UV 
hardenability epoxy resin; deuteration silicone resin, such as acrylic 
resin; fluorination polyimide, such as PMMA (polymethylmethacrylate), 
Deuteration PMMA, and heavy hydrogen fluorination PMMA, is mentioned. 
[0018] Moreover, the thickness of the above-mentioned optical waveguide 
has desirable 5-50 micrometers, and the width of face has desirable 1-50 
micrometers. In the above-mentioned multilayer printed wiring board, it 
is desirable for the optical waveguide formed in the location which counters 
the photo detector of the substrate for IC chip mounting, and the optical 
waveguide formed in the location which counters the light emitting device 
of the substrate for IC chip mounting to be what consists of the same 
ingredient. Moreover, it is desirable to form the optical-path conversion 
mirror in the above-mentioned optical waveguide. By forming an optical-path 
conversion mirror, it is because it is possible to change an optical path 
into a desired include angle. Formation of the above-mentioned optical-path 
conversion mirror can be performed by carrying out grinding of the end of 
optical waveguide so that it may mention later. Moreover, as for the 
above-mentioned multilayer printed wiring board, it is desirable to form 
the solder bump for transmitting an electrical signal. Thereby, it is 
because an electrical signal can be transmitted between external electronic 
parts. 

[0019] Moreover, in the device for optical communication of this invention, 
the above-mentioned substrate for IC chip mounting and a multilayer printed 
wiring board are arranged so that the above-mentioned photo detector and 
the above-mentioned light emitting device, and the above-mentioned optical 
waveguide may counter, and they are constituted so that a lightwave signal 
can be transmitted through the above-mentioned photo detector or the 
above-mentioned light emitting device, and the above-mentioned optical 
waveguide. 

[0020] Specifically, both can be stationed by connecting through a solder 
bump to the position which the above-mentioned photo detector and the 
above-mentioned light emitting device, and the above-mentioned optical 
waveguide counter. It is because a self-alignment operation of solder can 
be used. 



[0021] An example of the operation gestalt of the device for optical 
communication which consists of the above-mentioned configuration 
hereafter is explained referring to a drawing. Drawing 1 is the sectional 
view showing typically 1 operation gestalt of the device for optical 
communication of this invention. In addition, the device for optical 
communication in the condition that IC chip was mounted is shown in drawing 
1 . 

[0022] As shown in drawing 1 , the device 150 for optical communication 
consists of the substrates 120 for IC chip mounting and multilayer printed 
wiring boards 100 which mounted the IC chip 140, and the substrate 120 for 
IC chip mounting and the multilayer printed wiring board 100 are 
electrically connected through the solder connection 141. 
[0023] the mounting substrate 120 for IC chip — both sides of a substrate 
121 — a conductor — the conductor with which laminating formation was 
carried out and the substrate 121 of the resin insulating layer [ a circuit 
124 (124a, 124b) and ] 122 between layers was pinched — the conductor which 
sandwiched circuits and the resin insulating layer 122 between layers — 
circuits are electrically connected by the through hole 129 (129a, 129b) 
and the Bahia hall 127 (127a, 127b, 127c, 127d), respectively. Moreover, 
the solder resist layer 134 equipped with the solder bump is formed in the 
outermost layer of the mounting substrate 120 for IC chip, in addition the 
outermost layer of a multilayer printed wiring board 100 and the side which 
counters equips it with the photo detector 138 and the light emitting device 
139 so that light sensing portion 138a and light-emitting part 139a may 
be exposed, respectively. 

[0024] a multilayer printed wiring board 100 — both sides of a substrate 
101 — a conductor — the conductor with which laminating formation was 
carried out and the substrate 101 of the resin insulating layer [ a circuit 
104 and ] 102 between layers was pinched — the conductor which sandwiched 
circuits and the resin insulating layer 102 between layers — circuits are 
electrically connected by the through hole 109 and the Bahia hall 107, 
respectively. Moreover, while the solder resist layer 114 equipped with 
the opening 111 for optical paths and a solder bump is formed, the optical 
waveguide 118 (118a, 118b) equipped with the optical conversion mirror 119 
(119a, 119b) directly under [ for optical paths ] opening 111 (ilia, 111b) 
is formed in the mounting substrate 120 for IC chip of a multilayer printed 
wiring board 100, and the outermost layer of the side which counters. 
[0025] In the device 150 for optical communication which consists of such 
a configuration The lightwave signal sent from the outside through an 
optical fiber (not shown) is introduced into optical waveguide 118a. After 



being sent to the photo detector 138 (light sensing portion 138a) through 
optical-path conversion mirror 119a and opening 111a for optical paths, 
it changes into an electrical signal by the photo detector 138 — having 

— further — conductive layer 142a- a conductor — it will be sent to the 
IC chip 140 through circuit 124a-Bahia hall 127a~through hole 129a-Bahia 
hall 127b-solder connection 143a. 

[0026] Moreover, the electrical signal sent out from the IC chip 140 solder 
connection 143b~Bahia hall 127c-through hole 129b~Bahia hall 127d- a 
conductor, after being sent to a light emitting device 139 through circuit 
124b-conductive layer 142b it changes into a lightwave signal by the light 
emitting device 139 — having — this lightwave signal — opening from light 
emitting device 139 (light-emitting part 139a) lllfor optical paths b — 
and it conversion mirror [ optical ] 119b minds, is introduced into optical 
waveguide 118b, and is delivery outside as a lightwave signal through an 
optical fiber (not shown) further — it will be carried out. 
[0027] In the device for optical communication of this invention, since 
light / electrical signal conversion is performed, the transmission 
distance of an electrical signal is short and can respond to a high-speed 
communication link more in the location near the inside of the substrate 
for IC chip mounting, i. e. , IC chip, moreover, the electrical signal sent 
out from IC chip is delivery outside through an optical fiber, after being 
changed into a lightwave signal, as mentioned above — it is not only carried 
out, but it sends to a multilayer printed wiring board through a solder 
bump — having — the conductor of this multilayer printed wiring board 

— it will be sent to electronic parts, such as other IC chips mounted in 
the multilayer printed wiring board, through a circuit (the Bahia hall and 
a through hole are included). 

[0028] Next, how to manufacture the device for optical communication of 
this invention is explained, the photo detector of the substrate for IC 
chip mounting after the above-mentioned device for optical communication 
manufactures separately for example, the substrate for IC chip mounting, 
and a multilayer printed wiring board and a light emitting device, and the 
conductor of a multilayer printed wiring board — both are stationed so 
that a circuit may counter, and further, solder bumps are connected by 
reflow processing, adjusting both location, and it manufactures by forming 
a solder connection. Therefore, suppose that the manufacture approach of 
the substrate for IC chip mounting and the manufacture approach of a 
multilayer printed wiring board are explained separately, and how to 
connect both is explained after that first here. 

[0029] First, the manufacture approach of the substrate for IC chip mounting 



is explained. 

(1) an insulating substrate — a start ingredient — carrying out — first 

— this insulating substrate top — a conductor — form a circuit. As the 
above-mentioned insulating substrate, a glass epoxy group plate, a 
polyester substrate, a polyimide substrate, a bismaleimide-triazine (BT) 
resin substrate, a thermosetting polyphenylene ether substrate, copper 
clad laminate, a RCC substrate, etc. are mentioned, for example. Moreover, 
ceramic substrates, such as an alumimium nitride substrate, and a silicon 
substrate may be used, the above — a conductor — a circuit can be formed 
by performing etching processing, after forming a solid conductor layer 
in the front face of for example, the above-mentioned insulating substrate 
by nonelectrolytic plating processing etc. Moreover, you may form by 
performing etching processing to copper clad laminate or a RCC substrate. 
[0030] moreover, the conductor whose above-mentioned insulating substrate 
was pinched — in making connection between circuits by the through hole, 
after using a drill, laser, etc. for example, for the above-mentioned 
insulating substrate and forming a through tube, the through hole is formed 
by performing nonelectrolytic plating processing etc. In addition, the 
diameter of the above-mentioned through tube is usually 100-300 micrometers. 
Moreover, when a through hole is formed, it is desirable to be filled up 
with a resin filler in this through hole. 

[0031] (2) next, the need — responding — a conductor — perform roughening 
formation processing on the surface of a circuit, as the above-mentioned 
roughening formation processing — melanism (oxidization) — the etching 
processing using the etching reagent containing - reduction processing, 
the second copper complex, and an organic-acid salt etc. , processing by 
the Cu-nickel-P needlelike alloy plating, etc. can be mentioned, the case 
where a roughening side is formed here — the average roughness of this 
roughening side — usually — 0. 1-5 micrometers — desirable — a conductor 

— the adhesion of a circuit and the resin insulating layer between layers, 
and a conductor — when the effect to the electrical signal transmission 
ability of a circuit etc. is taken into consideration, 2-4 micrometers is 
more desirable. In addition, before this roughening formation processing 
is filled up with a resin filler in a through hole, it may be performed, 
and it may form a roughening side also in the wall surface of a through 
hole. It is because the adhesion of a through hole and a resin filler 
improves. 

[0032] (3) next, a conductor — form the resin layer which forms the resin 
layer which is not hardened [ which some of thermosetting resin 
photopolymers, and thermosetting resin become from the acrylic-ized resin, 



these and thermoplastics, and the included resin complex ] on the substrate 
in which the circuit was formed, or consists of thermoplastics. The resin 
layer which is not hardened [ above-mentioned ] can be formed by applying 
non-hardened resin by the roll coater, a curtain coating machine, etc., 
or carrying out thermocompression bonding of the resin film non-hardened 
(semi-hardening). Moreover, the resin layer which consists of the 
above-mentioned thermoplastics can be formed by carrying out 
thermocompression bonding of the resin Plastic solid fabricated on the film. 
[0033] In these, the approach of carrying out thermocompression bonding 
of the resin film non-hardened (semi-hardening) is desirable, and sticking 
by pressure of a resin film can be performed for example, using a vacuum 
laminator etc. Moreover, although what is necessary is not to limit 
especially sticking-by-pressure conditions, but just to choose suitably 
in consideration of the presentation of a resin film etc. , it is usually 
desirable to carry out on a pressure 0. 25 - 1. OMPa, the temperature of 40-70 
degrees C, the degree of vacuum of 13-1300Pa, and about [ time amount 10-120 
second ] conditions. 

[0034] As the above-mentioned thermosetting resin, an epoxy resin, phenol 
resin, polyimide resin, polyester resin, a bismaleimide resin, polyolefine 
system resin, polyphenylene ether resin, polyphenylene resin, a 
fluororesin, etc. are mentioned, for example. As an example of the 
above-mentioned epoxy resin, novolak mold epoxy resins, such as a phenol 
novolak mold and a cresol novolak mold, the cycloaliphatic epoxy resin which 
carried out dicyclopentadiene conversion are mentioned, for example. 
[0035] As the above-mentioned photopolymer, acrylic resin etc. is mentioned, 
for example. Moreover, the thing to which the heat-curing radical, and the 
methacrylic acid and acrylic acid of the above-mentioned thermosetting 
resin were made to acrylic — ization-react as resin which acrylic-ized some 
above-mentioned thermosetting resin for example, is mentioned. 
[0036] As the above-mentioned thermoplastics, phenoxy resin, polyether 
sulfone (PES), polysulfone (PSF), polyphenylene sulfone (PPS) 
polyphenylene sulfide (PPES), polyphenylene ether (PPE) polyether imide 
(PI), etc. are mentioned, for example. 

[0037] Moreover, as the above-mentioned resin complex, especially if 
thermosetting resin, a photopolymer (the resin which acrylic-ized some 
thermosetting resin is also included), and thermoplastics are included, 
it will not be limited, but as a concrete combination of thermosetting resin 
and thermoplastics, phenol resin / polyether sulfone, polyimide 
resin/polysulfone, an epoxy resin / polyether sulfone, an epoxy 
resin/phenoxy resin, etc. are mentioned, for example. Moreover, as a 



concrete combination of a photopolymer and thermoplastics, acrylic 
resin/phenoxy resin, the epoxy resin that acrylic-ized a part of epoxy group, 
polyether sulfone, etc. are mentioned, for example. 

[0038] Moreover, as for the rate of a compounding ratio of thermosetting 
resin and the photopolymer in the above-mentioned resin complex, and 
thermoplastics, thermosetting resin or a photopolymer / thermoplastics =95 
/ 5 - 50/50 are desirable. It is because a high toughness value is securable, 
without spoiling thermal resistance. 

[0039] Moreover, the above-mentioned resin layer may consist of resin 
layers from which it differs more than two-layer. It is that a lower layer 
is formed from thermosetting resin or the resin complex of a photopolymer 
/ thermoplastics =50/50, and the upper layer is specifically formed from 
thermosetting resin or the resin complex of a photopolymer / thermoplastics 
=90/10 etc. While securing the outstanding adhesion with an insulating 
substrate by making it such a configuration, the formation ease at the time 
of forming opening for the Bahia halls etc. at a back process is securable. 
[0040] Moreover, the above-mentioned resin layer may be formed using the 
resin constituent for roughening side formation. The matter of fusibility 
is distributed to the roughening liquid which consists of at least one sort 
chosen from an acid, alkali, and an oxidizer into the heat-resistant-resin 
matrix which is not hardened [ poorly soluble ] to the roughening liquid 
which serves as the above-mentioned resin constituent for roughening side 
formation from at least one sort chosen from an acid, alkali, and an oxidizer. 
In addition, when the same time amount immersion is carried out, the word 
of the above "poor solubility" and "fusibility" says relatively what has 
an early dissolution rate as "fusibility" to the same roughening liquid 
for convenience, and calls "poor solubility" relatively what has a late 
dissolution rate to it for convenience. 

[0041] In case the above-mentioned roughening liquid is used for the resin 
insulating layer between layers and a roughening side is formed as the 
above-mentioned heat-resistant-resin matrix, what can hold the 
configuration of a roughening side is desirable, for example, thermosetting 
resin, thermoplastics, these complex, etc. are mentioned. Moreover, by 
using a photopolymer, exposure and a development may be used for the resin 
insulating layer between layers, and opening for the Bahia halls may be 
formed. 

[0042] As the above-mentioned thermosetting resin, an epoxy resin, phenol 
resin, polyimide resin, polyolef in resin, a f luororesin, etc. are mentioned, 
for example. Moreover, when sensitization-izing the above-mentioned 
thermosetting resin, a heat-curing radical is made to 



acrylic (meta) — ization-react using a methacrylic acid, an acrylic acid, 
etc. 

[0043] As the above-mentioned epoxy resin, a cresol novolak mold epoxy resin, 
the bisphenol A mold epoxy resin, a bisphenol female mold epoxy resin, a 
phenol novolak mold epoxy resin, an alkylphenol novolak mold epoxy resin, 
a biphenol female mold epoxy resin, a naphthalene mold epoxy resin, a 
dicyclopentadiene mold epoxy resin, the epoxidation object of the 
condensate of phenols and the aromatic aldehyde which has a phenolic 
hydroxyl group, triglycidyl isocyanurate, cycloaliphatic epoxy resin, etc. 
are mentioned, for example. These may be used independently and may be used 
together two or more sorts. Thereby, it excels in thermal resistance etc. 
[0044] As the above-mentioned thermoplastics, phenoxy resin, polyether 
sulfone, polysulfone, polyphenylene sulfone, polyphenylene sulfide, a 
polyphenyl ether, polyether imide, etc. are mentioned, for example. These 
may be used independently and may be used together two or more sorts. 
[0045] It is desirable that it is at least one sort as which the matter 
of fusibility is chosen from an inorganic particle, a resin particle, and 
metal particles to the roughening liquid which consists of at least one 
sort chosen from the above-mentioned acid, alkali, and an oxidizer. 
[0046] As the above-mentioned inorganic particle, an aluminium compound, 
a lime compound, a potassium compound, a magnesium compound, a silicon 
compound, etc. are mentioned, for example. These may be used independently 
and may be used together two or more sorts. 

[0047] As the above-mentioned aluminium compound, as the above-mentioned 
lime compound, a calcium carbonate, a calcium hydroxide, etc. are mentioned, 
potassium carbonate etc. is mentioned, an alumina, an aluminum hydroxide, 
etc. are mentioned and a silica, a zeolite, etc. are mentioned [ a magnesia, 
a dolomite basic magnesium carbonate, talc, etc. are mentioned, and ] as 
the above-mentioned silicon compound as the above-mentioned magnesium 
compound as the above-mentioned potassium compound, for example. These may 
be used independently and may be used together two or more sorts. 
[0048] Dissolution removal of the above-mentioned alumina particle can be 
carried out by fluoric acid, and dissolution removal of the calcium 
carbonate can be carried out with a hydrochloric acid. Moreover, 
dissolution removal of a sodium content silica or the dolomite can be 
carried out in an alkali water solution. 

[0049] As the above-mentioned resin particle, what consists of 
thermosetting resin, thermoplastics, etc. is mentioned, for example. When 
immersed in the roughening liquid which consists of at least one sort chosen 
from an acid, alkali, and an oxidizer It will not be limited especially 



if a dissolution rate is earlier than the above-mentioned 
heat-resistant-resin matrix. Specifically For example, amino resin 
(melamine resin, a urea-resin, guanamine resin, etc.), an epoxy resin, 
phenol resin, phenoxy resin, polyimide resin, polyphenylene resin, 
polyolefin resin, a fluororesin, bismaleimide-triazine resin, etc. are 
mentioned. These may be used independently and may be used together two 
or more sorts. In addition, the above-mentioned resin particle needs to 
carry out hardening processing beforehand. It is because the 
above-mentioned resin particle will dissolve in the solvent in which a resin 
matrix is dissolved if it is not made to harden. 

[0050] Moreover, as the above-mentioned resin particle, a rubber particle, 
liquid phase resin, liquid phase rubber, etc. may be used. As the 
above-mentioned rubber particle, acrylonitrile-butadiene rubber, 
polychloroprene rubber, polyisoprene rubber, acrylic rubber, multi-** 
system rigidity rubber, a f luororubber, polyurethane rubber, silicone 
rubber, ABS plastics, etc. are mentioned, for example. Moreover, for 
example, various denaturation polybutadiene rubbers, such as polybutadiene 
rubber, epoxy denaturation, urethane denaturation, and acrylonitrile 
(meta) denaturation, the acrylonitrile-butadiene rubber (meta) containing 
a carboxyl group, etc. may be used. 

[0051] As the above-mentioned liquid phase resin, the non-hardened solution 
of the above-mentioned thermosetting resin can be used, and epoxy 
non-hardened oligomer, the mixed liquor of an amine system curing agent, 
etc. are mentioned as an example of such liquid phase resin, for example. 
As the above-mentioned liquid phase rubber, non-hardened solutions, such 
as various denaturation polybutadiene rubbers, such as the above-mentioned 
polybutadiene rubber, epoxy denaturation, urethane denaturation, and 
acrylonitrile (meta) denaturation, and acrylonitrile-butadiene rubber 
(meta) containing a carboxyl group, etc. can be used, for example. 
[0052] To prepare the above-mentioned photopolymer constituent using the 
above-mentioned liquid phase resin or liquid phase rubber, a 
heat-resistant-resin matrix and the matter of fusibility need to dissolve 
and twist to homogeneity (that is, phase separation is carried out like), 
and need to choose these matter like. By mixing the heat-resistant-resin 
matrix chosen by the above-mentioned criteria and the matter of fusibility, 
the photopolymer constituent in the condition that the "island" of a 
heat-resistant-resin matrix is distributing in the "sea" of the condition 
which the "island" of liquid phase resin or liquid phase rubber is 
distributing in the "sea" of the above-mentioned heat-resistant-resin 
matrix, liquid phase resin, or liquid phase rubber can be prepared. And 



after stiffening the photopolymer constituent of such a condition, a 
roughening side can be formed by removing the liquid phase resin or liquid 
phase rubber of the "sea" or a an "island. " 

[0053] As the above-mentioned metal particles, gold, silver, copper, tin, 
zinc, stainless steel, aluminum, nickel, iron, lead, etc. are mentioned, 
for example. These may be used independently and may be used together two 
or more sorts. Moreover, the surface may be covered with resin etc. in order 
that the above-mentioned metal particles may secure insulation. 
[0054] When two or more sorts are mixed and it uses the matter of the 
above-mentioned fusibility, as a combination of the matter of two sorts 
of fusibility to mix, the combination of a resin particle and an inorganic 
particle is desirable, the resin insulating layer between layers which 
adjustment of thermal expansion tends to plan them between poorly soluble 
resin, and they become from the resin constituent for roughening side 
formation while both of conductivity can be hurt low and can secure the 
insulation of the resin insulating layer between layers — a crack — not 
generating — the resin insulating layer between layers, and a conductor 
— it is because exfoliation does not occur between circuits. 
[0055] It is desirable to use an organic acid in these as an acid used as 
the above-mentioned roughening liquid, for example, although organic acids, 
such as a phosphoric acid, a hydrochloric acid, a sulfuric acid, a nitric 
acid, and formic acid, an acetic acid, etc. are mentioned. It is because 
it is hard to make the metallic conductor layer exposed from the Bahia hall 
corrode when roughening processing is carried out. As the above-mentioned 
oxidizer, it is desirable to, use the water solution of a chromic acid, 
chromate acid mixture, and alkaline permanganates (potassium permanganate 
etc. ) etc. for example. Moreover, as the above-mentioned alkali, water 
solutions, such as a sodium hydroxide and a potassium hydroxide, are 
desirable. 

[0056] The mean particle diameter of the matter of the above-mentioned 
fusibility has desirable 10 micrometers or less. Moreover, big coarse grain 
and mean particle diameter may use it combining a small particle relatively 
relatively [ mean particle diameter / the mean particle diameter of 2 
micrometers or less ]. That is, it is combining the matter of the fusibility 
whose mean particle diameter' s is 0. 1-0. 5 micrometers, and the matter of 
the fusibility whose mean particle diameter's is 1-2 micrometers etc. 
[0057] Thus, when big coarse grain and mean particle diameter combine a 
small particle relatively relatively [ particle / average ], the 
dissolution residue of the nonelectrolytic plating film can be lost, the 
amount of palladium catalysts under plating resist can be lessened, and 



a still shallower and complicated roughening side can be formed. 
Furthermore, by forming a complicated roughening side, even if the 
irregularity of a roughening side is small, the practical Peel 
reinforcement is maintainable. Mean particle diameter exceeds 0. 8 
micrometers, and that of the above-mentioned coarse grain is less than 2. 0 
micrometers, and, as for a particle, it is desirable for mean particle 
diameter to be 0. 1-0. 8 micrometers. 

[0058] (4) Next, in forming the resin insulating layer between layers using 
thermosetting resin and resin complex as the ingredient, while performing 
hardening processing to a non-hardened resin insulating layer, form opening 
for the Bahia halls and consider as the resin insulating layer between 
layers. Moreover, at this process, a through tube may be formed if needed. 
As for the above-mentioned opening for the Bahia halls, forming by the 
lasing is desirable. Moreover, when a photopolymer is used as an ingredient 
of the resin insulating layer between layers, you may form by the exposure 
development. 

[0059] Moreover, in forming the resin insulating layer between layers using 
thermoplastics as the ingredient, opening for the Bahia halls is formed 
in the resin layer which consists of thermoplastics, and it considers as 
the resin insulating layer between layers. In this case, opening for the 
Bahia halls can be formed by giving the lasing. Moreover, what is necessary 
is just to form this through tube by drilling, the lasing, etc. , when forming 
a through tube at this process. 

[0060] As laser used for the above-mentioned lasing, carbon dioxide gas 
laser, ultraviolet laser, excimer laser, etc. are mentioned, for example. 
In these, excimer laser and the carbon dioxide gas laser of a short pulse 
are desirable. 

[0061] Moreover, it is desirable also in excimer laser to use the excimer 
laser of a hologram method. A hologram method is a method which irradiates 
a laser beam through a hologram, a condenser lens, a laser mask, an imprint 
lens, etc. at the specified substance, and much openings can be once formed 
in a resin film layer efficiently by exposure by using this method. 
[0062] Moreover, when using carbon dioxide gas laser, as for the pulse 
separation, it is desirable that they are 10-4 - 10 to 8 seconds. Moreover, 
as for the time amount which irradiates the laser for forming opening, it 
is desirable that it is 10 - 500 microseconds. Moreover, much openings for 
the Bahia halls can be formed at once by irradiating a laser beam through 
an optical-system lens and a mask. By minding an optical-system lens and 
a mask, it is the same reinforcement and is because exposure reinforcement 
can irradiate the same laser beam at two or more parts. Thus, after forming 



opening for the Bahia halls, DESUMIA processing may be performed if needed. 
[0063] (5) next, the front face of the resin insulating layer between layers 
including the wall of opening for the Bahia halls — a conductor — form 
a circuit, a conductor — a circuit is formed — if it hits, a thin film 
conductor layer is first formed in the front face of the resin insulating 
layer between layers. The above-mentioned thin film conductor layer can 
be formed by approaches, such as nonelectrolytic plating and sputtering. 
[0064] As the quality of the material of the above-mentioned thin film 
conductor layer, copper, nickel, tin, zinc, cobalt, a thallium, lead, etc. 
are mentioned, for example. In these, what consists of the copper from a 
point, copper, and nickel which are excellent in an electrical property, 
economical efficiency, etc. is desirable. Moreover, as thickness of the 
above-mentioned thin film conductor layer, when forming a thin film 
conductor layer with nonelectrolytic plating, 0.3-2.0 micrometers is 
desirable and 0. 6-1. 2 micrometers is more desirable. Moreover, when forming 
by sputtering, 0. 1-1. 0 micrometers is desirable. 

[0065] Moreover, a roughening side may be formed in the front face of the 
resin insulating layer between layers before forming the above-mentioned 
thin film conductor layer. By forming a roughening side, the adhesion of 
the resin insulating layer between layers and a thin film conductor layer 
can be raised. When the resin insulating layer between layers is especially 
formed using the resin constituent for roughening side formation, it is 
desirable to form a roughening side using an acid, an oxidizer, etc. 
[0066] Moreover, when a through tube is formed at the process of the above 
(4), in case a thin film conductor layer is formed on the resin insulating 
layer between layers, it is good also as a through hole by forming a thin 
film conductor layer also in the wall surface of a through tube. 
[0067] (6) Subsequently, form plating resist on the substrate with which 
the thin film conductor layer was formed in the front face. After the 
above-mentioned plating resist sticks for example, a photosensitive dry 
film, it can carry out adhesion arrangement of the photo mask which consists 
of a glass substrate with which the plating resist pattern was drawn, and 
can form it by performing an exposure development. 

[0068] (7) After that, perform electroplating by making a thin film 
conductor layer into a plating bar, and form an electroplating layer in 
the above-mentioned plating-resist agenesis section. As the 
above-mentioned electroplating, copper plating is desirable. Moreover, the 
thickness of the above-mentioned electroplating layer and 5-20 micrometers 
are desirable. 

[0069] then, the thing for which the nonelectrolytic plating film and thin 



film conductor layer under the above-mentioned plating resist and this 
plating resist are removed — a conductor — a circuit (the Bahia hall is 
included) can be formed. What is necessary is just to perform removal of 
the above-mentioned thin film conductor layer using etching reagents, such 
as mixed liquor of a sulfuric acid and a hydrogen peroxide, sodium 
persulfate, ammonium persulfate, a ferric chloride, and a cupric chloride, 
that what is necessary is just to perform removal of the above-mentioned 
plating resist for example, using an alkali water solution etc. moreover, 
the above — a conductor — after forming a circuit, the catalyst on the 
resin insulating layer between layers may be removed using an acid or an 
oxidizer if needed. It is because the fall of an electrical property can 
be prevented, moreover, the method of performing etching processing, after 
replacing with the approach (a process (6) and (7)) of forming an 
electroplating layer after forming this plating resist and forming an 
electroplating layer the whole surface on a thin film conductor layer — 
using — a conductor — a circuit may be formed. 

[0070] Moreover, when a through hole is formed in the above (4) and the 
process of (5), it may be filled up with a resin filler in this through 
hole. Moreover, when filled up with a resin filler in a through hole, a 
wrap lid plating layer may be formed for the surface section of a resin 
filler layer by performing nonelectrolytic plating if needed. 
[0071] (8) next, the thing for which roughening processing is performed 
on the front face of this lid plating layer, and the process of (3) - (7) 
is further repeated if needed when a lid plating layer is formed — the 
both sides — the resin insulating layer between layers, and a conductor 
— carry out laminating formation of the circuit. In addition, a through 
hole may be formed and it is not necessary to form at this process. 
[0072] (9) next, a conductor — form a solder resist layer in the outermost 
layer of the substrate in which the circuit and the resin insulating layer 
between layers were formed. The above-mentioned solder resist layer can 
be formed using the solder resist constituent which consists of for example, 
polyphenylene ether resin, polyolefin resin, a fluororesin, thermoplastic 
elastomer, an epoxy resin, polyimide resin, etc. 

[0073] moreover, as solder resist constituents other than the above For 
example, the acrylate (meta) of a novolak mold epoxy resin, an imidazole 
curing agent, 2 functionality (meta) acrylic ester monomer, the polymer 
of with a molecular weight of about 500 to 5000 acrylic ester (meta), The 
fluid of the shape of a paste containing photosensitive monomers, such as 
thermosetting resin which consists of a bisphenol mold epoxy resin etc. , 
and a multiple-valued acrylic monomer, a glycol ether system solvent, etc. 



is mentioned, and, as for the viscosity, it is desirable to be adjusted 
to 1 - 10 Pa-s at 25 degrees C. 

[0074] (10) Next, form opening for solder bump formation, and opening for 
optical element mounting in the above-mentioned solder resist layer. 
Formation of the above-mentioned opening for solder bump formation can be 
performed using the approach of forming opening for the Bahia halls, and 
the same approach, i. e. , an exposure development and the lasing. Moreover, 
in case a solder resist layer is formed, the solder resist layer which has 
opening for solder bump formation and opening for optical element mounting 
may be formed by producing the resin film which has opening in a desired 
location, and sticking this resin film on it beforehand. 
[0075] (11) next, the conductor exposed by forming the above-mentioned 
opening for solder bump formation — if needed, a circuit part is covered 
with corrosion-resistant metals, such as nickel, palladium, gold, silver, 
and platinum, and let it be a solder pad. In these, it is desirable to form 
an enveloping layer with metals, such as nickel-gold, nickel-silver, 
nickel-palladium, and nickel-palladium-gold. Although the above-mentioned 
enveloping layer can be formed according to plating, vacuum evaporationo, 
electrodeposition, etc. , in these, it is desirable to form with plating 
from the point of excelling in the homogeneity of an enveloping layer, 
moreover, the conductor exposed by forming opening for optical element 
mounting at this process — it is desirable to form an enveloping layer 
also in a circuit part. 

[0076] (12) Next, form a solder bump by carrying out a reflow after filling 
up the above-mentioned solder pad with soldering paste through the mask 
with which opening was formed in the part equivalent to the above-mentioned 
solder pad. 

[0077] (13) An optical element (a photo detector and light emitting device) 
is further mounted in a solder resist layer. What is necessary is for 
mounting of an optical element to fill up soldering paste with the process 
of the above (12) also into opening for optical element mounting, and just 
to mount it through solder (conductive layer) further, by attaching the 
above-mentioned optical element, in case a reflow is performed. Moreover, 
it may replace with soldering paste and an optical element may be mounted 
using electroconductive glue etc. When these approaches are used, a photo 
detector and a light emitting device will be mounted in the front face of 
a solder resist layer. 

[0078] Moreover, it may replace with the above-mentioned approach of 
carrying out a surface mount, in case opening for optical element mounting 
is formed at the process of the above (10), opening may be formed in the 



magnitude which can contain an optical element, and you may mount by 
containing an optical element in opening through electroconductive glue 
after that. In this case, a photo detector and a light emitting device will 
be built in a solder resist layer. By passing through such a process, the 
substrate for IC chip mounting which constitutes the device for optical 
communication of this invention can be manufactured. 
[0079] Next, the manufacture approach of a multilayer printed wiring board 
is explained. 

(1) the first same process as (1) - (8) of the manufacture approach of the 
above-mentioned substrate for IC chip mounting — carrying out — the both 
sides — a conductor — a circuit and the resin insulating layer between 
layers produce the substrate by which laminating formation was carried out 
repeatedly. In addition, the through hole is suitably formed also at this 
process. 

[0080] (2) next, the substrate for IC chip mounting and the conductor on 
the resin insulating layer between layers of the side which counters — 
form optical waveguide in the circuit agenesis section. Formation of the 
above-mentioned optical waveguide can be performed by attaching beforehand 
the optical waveguide fabricated in the predetermined configuration 
through adhesives, when carrying out by using inorganic materials, such 
as quartz glass, for the ingredient. Moreover, the optical waveguide which 
consists of the above-mentioned inorganic material can be formed by making 
the inorganic material of LiNb03 and LiTa03 grade form by the 
liquid-phase-epitaxial method, the chemistry depositing method (CVD), a 
molecular beam epitaxy, etc. 

[0081] Moreover, when forming the above-mentioned optical waveguide using 
a polymer ingredient, the film for optical waveguide formation fabricated 
in the shape of a film on the substrate or the mold releasing film can be 
beforehand stuck on the resin insulating layer between layers, or optical 
waveguide can be formed from forming directly on the resin insulating layer 
between layers. Specifically, it can form using a selective polymerization 
method, the approach using reactive ion etching and photolithography, the 
direct exposing method, the approach using injection molding, the 
photograph breeching method, the approach that combined these. In addition, 
these approaches can be used also when forming directly it forms on the 
resin insulating layer between layers also when forming optical waveguide 
on a substrate or a mold releasing film. 

[0082] Moreover, an optical-path conversion mirror is formed in the 
above-mentioned optical waveguide. Although you may form before attaching 
the above-mentioned optical-path conversion mirror on the resin insulating 



layer between layers, and you may form after attaching on the resin 
insulating layer between layers, it is desirable to form an optical-path 
conversion mirror beforehand except for the case where this optical 
waveguide is directly formed on the resin insulating layer between layers, 
other members which can work easily and constitute a multilayer printed 
wiring board at the time of an activity, for example, a conductor, — it 
is because a blemish is attached to a circuit, the resin insulating layer 
between layers, etc. or there is no possibility of damaging these. 
[0083] It is not limited especially as an approach of forming the 
above-mentioned optical-path conversion mirror, but the well-known 
formation approach can be used conventionally. Specifically, machining 
with the diamond saw and cutter whose tip is 90 degrees of V types, 
processing by reactive ion etching, laser ablation, etc. can be used. 
[0084] (3) Next, form a solder resist layer in the outermost layer of the 
substrate in which optical waveguide was formed. The above-mentioned solder 
resist layer can be formed using the resin constituent used when forming 
the solder resist layer of for example, the above-mentioned substrate for 
IC chip mounting, and the same resin constituent. 

[0085] (4) Next, form opening for solder bump formation, and opening for 
optical paths in the substrate for IC chip mounting, and the solder resist 
layer of the side which counters. Formation with the above-mentioned 
opening for solder bump formation and opening for optical paths can be 
performed to the substrate for IC chip mounting using the approach of 
forming opening for solder bump formation, and the same approach, i. e. , 
an exposure development, the lasing, etc. In addition, formation of the 
above-mentioned opening for solder bump formation and formation of opening 
for optical paths may be performed to coincidence, and are separately good 
in a line. 

[0086] In these, in case a solder resist layer is formed, it is desirable 
to choose the approach of forming opening for solder bump formation and 
opening for optical paths by applying the resin constituent which contains 
a photopolymer as the ingredient, and performing an exposure development. 
It is because there is no possibility of attaching a blemish to the optical 
waveguide which exists under this opening for optical paths, at the time 
of opening formation in forming opening for optical paths by the exposure 
development. Moreover, in case a solder resist layer is formed, the solder 
resist layer which has opening for solder bump formation and opening for 
optical paths may be formed by producing the resin film which has opening 
in a desired location, and sticking this resin film on it beforehand. 
[0087] Moreover, opening for solder bump formation may be formed also in 



the solder resist layer of the substrate for IC chip mounting, the field 
which counters, and the opposite side if needed. By passing through a back 
process, it is because an external connection terminal can be formed also 
in the solder resist layer of the substrate for IC chip mounting, the field 
which counters, and the opposite side. 

[0088] (5) next, the conductor exposed by forming the above-mentioned 
opening for solder bump formation — if needed, a circuit part is covered 
with corrosion-resistant metals, such as nickel, palladium, gold, silver, 
and platinum, and let it be a solder pad. What is necessary is just to 
specifically carry out to the substrate for IC chip mounting using the 
approach of forming a solder pad, and the same approach. 
[0089] (6) Next, form a solder bump by carrying out a reflow after filling 
up the above-mentioned solder pad with soldering paste through the mask 
with which opening was formed in the part equivalent to the above-mentioned 
solder pad. Moreover, it is good also as PGA (Pin Grid Array) or BGA (Ball 
Grid Array) by arranging a pin in an external substrate connection side, 
or forming a solder ball in the solder resist layer of the substrate for 
IC chip mounting, the field which counters, and the opposite side. By 
passing through such a process, the multilayer printed wiring board which 
constitutes the device for optical communication of this invention can be 
manufactured. 

[0090] Next, how to manufacture the device for optical communication is 
explained using the substrate for IC chip mounting and multilayer printed 
wiring board which were manufactured by the above-mentioned approach. First, 
a solder connection is formed by the solder bump of the above-mentioned 
substrate for IC chip mounting, and the solder bump of the above-mentioned 
multilayer printed wiring board, and both are connected electrically. That 
is, both are connected by carrying out opposite arrangement and carrying 
out a reflow of the substrate for IC chip mounting, and the multilayer 
printed wiring board to a position with the predetermined sense, 
respectively. 

[0091] Moreover, in this process, even if some location gap exists among 
both when opposite arrangement of both is carried out in order to connect 
the substrate for IC chip mounting, and a multilayer printed wiring board 
using both solder bump, both can be stationed to a position by the 
self-alignment effectiveness by solder at the time of a reflow. 
[0092] Next, IC chip is mounted in the above-mentioned substrate for IC 
chip mounting, and it considers as the device for optical communication 
by performing a resin seal after that if needed. Mounting of the 
above-mentioned IC chip can be conventionally performed by the well-known 



approach. Moreover, it is good also as a device for optical communication 
by connecting the substrate for IC chip mounting and multilayer printed 
wiring board which performed mounting of IC chip before connecting the 
substrate for IC chip mounting, and a multilayer printed wiring board, and 
mounted IC chip. 
[0093] 

[Example] Hereafter, this invention is further explained to a detail. 
(Example 1) 

A. The production bisphenol A mold epoxy resin 
(weight-per-epoxy-equivalent 469, Epicoat 1001 by oil-ized shell epoxy 
company) 30 weight section of the resin film for the resin insulating layers 
between production A-l. layers of the substrate for IC chip mounting, The 
cresol novolak mold epoxy resin (weight-per-epoxy-equivalent 215, Epiclon 
N-673 by Dainippon Ink & Chemicals, Inc. ) 40 weight section, The triazine 
structure content phenol novolak resin (phenol nature hydroxyl equivalent 
120, Dainippon Ink & Chemicals, Inc. make FEN0 light KA-7052) 30 weight 
section The ethyl diethylene glycol acetate 20 weight section, The heating 
dissolution is carried out stirring in the solvent naphtha 20 weight section. 
There The end epoxidation polybutadiene rubber (Nagase Brothers formation 
DENAREKKUSU R-45 by industrial company EPT) 15 weight section, and the 
2-phenyl -4, the 5~bis (hydroxymethyl) imidazole grinding article 1.5 
weight section, The pulverizing silica 2 weight section and the silicon 
system defoaming agent 0. 5 weight section were added, and the epoxy resin 
constituent was prepared. After applying using a roll coater so that the 
thickness after drying the obtained epoxy resin constituent on a PET film 
with a thickness of 38 micrometers may be set to 50 micrometers, the resin 
film for the resin insulating layers between layers was produced by making 
it dry for 10 minutes at 80-120 degrees C. 

[0094] The mean particle diameter by which coating of the silane coupling 
agent was carried out to the preparation bisphenol female mold epoxy monomer 
(oil-ized shell company make, molecular weight : 310 YL983U) 100 weight 
section of the resin constituent for through tube restoration and a front 
face A-2. By 1. 6 micrometers the diameter of grain of maximum size — Si02 
spherical particle (the Adtec Corp. make — ) 15 micrometers or less CRS 
The viscosity prepared the resin filler of 45 - 49 Pa-s at 23**1 degree 
C by carrying out stirring mixing of the 1101-CE170 weight section and the 
leveling agent (Sannopuko PEREN0RU S4) 1. 5 weight section for a container. 
In addition, the imidazole curing agent (Shikoku formation shrine make, 
2E4 MZ-CN) 6. 5 weight section was used as a curing agent. 
[0095] A-3. Copper clad laminate which 18-micrometer copper foil 28 



laminates to both sides of the insulating substrate 21 which consists of 
the glass epoxy resin with a manufacture (l) thickness of 0. 8mm or BT 
(bismaleimide triazine) resin of the substrate for IC chip mounting was 
used as the start ingredient (refer to drawing 2 (a)), first, the thing 
which drill drilling of this copper clad laminate is carried out, and 
nonelectrolytic plating processing is performed, and is etched in the shape 
of a pattern — both sides of a substrate 21 — a conductor — the circuit 
24 and the through hole 29 were formed. 

[0096] (2) Wash in cold water the substrate in which the circuit 24 was 
formed, a through hole 29 and a conductor — NaOH (10 g/1) after drying, 
and NaC102 (40 g/1), Melanism processing the water solution containing Na3 
P04 (6 g/1) — melanism — it considers as a bath (oxidation bath) — and 
the conductor which performs reduction processing which makes a reduction 
bath NaOH (10 g/1) and the water solution containing NaBH4 (6 g/1), and 
includes a through hole 29 — the roughening sides 24a and 29a were formed 
in the front face of a circuit 24 (refer to drawing 2 (b)). 
[0097] (3) the following approach after preparing the resin filler 
indicated to the above A-2 — after preparation — less than 24 hours — 
the conductor of one side of the inside of a through hole 29, and a substrate 
21 — the circuit agenesis section and a conductor — the layer of resin 
filler 30' was formed in the rim section of a circuit 24. That is, after 
pushing in a resin filler in a through hole using a squeegee, it was made 
to dry on 100 degrees C and the conditions for 20 minutes first, next, a 
conductor — the conductor with which the part equivalent to the circuit 
agenesis section lays on a substrate the mask which carried out opening, 
and serves as a crevice using the squeegee — the circuit agenesis section 
was also filled up with the resin filler, and the layer of resin filler 
30' was formed by making it dry on 100 degrees C and the conditions for 
20 minutes (refer to drawing 2 (c)). 

[0098] (4) the belt sander [ one side / which finished processing of the 
above (3) / of a substrate ] polish using the belt abrasive paper (Sankyo 
Rikagaku make) of **600 — a conductor — it ground so that resin filler 
30' might remain neither in the front face of a circuit 24, nor the land 
front face of a through hole 29, and subsequently buffing for removing the 
blemish by the above-mentioned belt sander polish was performed. Such a 
series of polishes were similarly performed about the field of another side 
of a substrate. Subsequently, by 100 degrees C, it performed at 150 degrees 
C for 1 hour for 3 hours, 120 degrees C performed heat-treatment of 7 hours 
at 180 degrees C for 1 hour, and the resin filler layer 30 was formed. 
[0099] thus, a through hole 29 and a conductor — the surface section of 



the resin filler 30 formed in the circuit agenesis section, and a conductor 

— the front face of a circuit 24 — flattening — carrying out — the resin 
filler 30 and a conductor — the insulating substrate which side-face 24a 
of a circuit 24 stuck firmly through the roughening side, and 
internal-surface 29a of a through hole 29 and the resin filler 30 stuck 
firmly through the roughening side was obtained (refer to drawing 2 (d)). 
this process — the front face of the resin filler layer 30, and a conductor 

— the front face of a circuit 24 turns into the same flat surface. 
[0100] (5) software etching after rinsing and carrying out acid cleaning 
of the above-mentioned substrate — carrying out — subsequently — an 
etching reagent — both sides of a substrate — a spray — spraying — a 
conductor — etching the front face of a circuit 24, the land front face 
of a through hole 29, and a wall — a conductor — the roughening sides 
24a and 29a were formed in all the front faces of a circuit 24 (refer to 
drawing 3 (a)). As an etching reagent, the etching reagent (the product 
made from MEKKU, MEKKU dirty bond) containing the imidazole copper (II) 
complex 10 weight section, the glycolic-acid 7 weight section, and the 
potassium chloride 5 weight section was used. 

[0101] (6) Next, the somewhat larger resin film for the resin insulating 
layers between layers than the substrate produced by the above A~l was laid 
on the substrate, and after carrying out temporary sticking by pressure 
and judging on pressure 0. 4MPa, the temperature of 80 degrees C, and the 
conditions for sticking-by-pressure time amount 10 seconds, the resin 
insulating layer 22 between layers was formed by sticking using vacuum 
laminator equipment by the approach of further the following (refer to 
drawing 3 (b)). That is, on the substrate, actual sticking by pressure was 
carried out on the degree of vacuum of 65Pa, pressure 0. 4MPa, temperature 
80, and the conditions for time amount 60 seconds, and heat curing of the 
resin film for the resin insulating layers between layers was carried out 
for 30 minutes at 170 degrees C after that. 

[0102] (7) Next, mind the mask with which the through tube with a thickness 
of 1. 2mm was formed on the resin insulating layer 22 between layers, and 
it is C02 with a wavelength of 10. 4 micrometers. By gas laser, the opening 
26 for the Bahia halls with a diameter of 80 micrometers was formed in the 
resin insulating layer 22 between layers on the beam diameter of 4. 0mm, 
the Top Hat mode, 8. 0 microseconds of pulse width, the path of 1. 0mm of 
the through tube of a mask, and the conditions of one shot (refer to drawing 
3 (c)). 

[0103] (8) The roughening side was formed in the front face containing the 
internal surface of the opening 26 for the Bahia halls by immersing the 



substrate in which the opening 26 for the Bahia halls was formed, for 10 
minutes in the 80-degree C solution containing the permanganic acid of 60 
g/1, and carrying out dissolution removal of the epoxy resin particle which 
exists in the front face of the resin insulating layer 22 between layers 
(refer to drawing 3 (d)). 

[0104] (9) Next, the substrate which finished the above-mentioned 
processing was washed in cold water after being immersed in the 
neutralization solution (product made from SHIPUREI). Furthermore, the 
catalyst nucleus was made for the front face of this substrate that carried 
out the surface roughening process (a roughening depth of 3 micrometers) 
to adhere to the front face (for the internal surface of the opening 26 
for the Bahia halls to be included) of the resin insulating layer 22 between 
layers by giving a palladium catalyst (not shown). That is, the 
above-mentioned substrate was immersed into the catalytic liquid 
containing a palladium chloride (PdC12) and a stannous chloride (SnC12), 
and the catalyst was given by depositing a palladium metal. 
[0105] (10) Next, into the non-electrolytic copper plating water solution 
of the following presentations, the substrate was immersed and the 
non-electrolytic copper plating film 32 with a thickness of 0.6-3.0 
micrometers was formed at the front face (the internal surface of the 
opening 26 for the Bahia halls is included) of the resin insulating layer 
22 between layers, and the wall surface of a through tube 29 (refer to 
drawing 4 (a)). 

[0106] [Nonelectrolytic plating water solution] 

NiS04 0. 003 mol/1 tartaric acid 0. 200 mol/1 copper sulfate 0. 030 mol/lHCHO 
0. 050 mol/lNaOH 0. 100 mol/lalpha and alpha' -bipyridyl 100 mg/1 
polyethylene glycol (PEG) 0. 10 g/1 [nonelectrolytic plating conditions] 
It is 40 minutes [0107] by whenever [ 30-degree C solution temperature ]. 
(11) Next, stick a commercial photosensitive dry film on the substrate with 
which the non-electrolytic copper plating film 32 was formed, lay a mask, 
and it is 100 mj/cm2. The plating resist 23 with a thickness of 20 
micrometers was formed by exposing and carrying out a development in a 
sodium-carbonate water solution 0.8% (refer to drawing 4 (b)). 

[0108] (12) Subsequently, 50-degree C water washed the substrate and it 
degreased, with 25-degree C water, after washing with the sulfuric acid 
further after rinsing, electrolysis plating was performed on condition that 
the following, and the electrolytic copper plating film 33 with a thickness 
of 20 micrometers was formed in the plating-resist 23 agenesis section 

(refer to drawing 4 (c)). 

[0109] [Electrolysis plating liquid] 



Sulfuric acid 2. 24 mol/1 copper sulfate 0. 26 mol/1 additive 19. 5 ml/1 (made 
in ATOTEKKU Japan, KAPARASHIDO GL) 
[Electrolysis plating conditions] 

Current density 1 A/dm 2 hours 65 Part temperature 22**2 ** [0110] (13) 
— a conductor with a thickness of 18 micrometers which carries out etching 
processing of the nonelectrolytic plating film under the plating resist 
23 with the mixed liquor of a sulfuric acid and a hydrogen peroxide, carries 
out dissolution removal and consists of non-electrolytic copper plating 
film 32 and electrolytic copper plating film 33 further after carrying out 
exfoliation removal of the plating resist 23 by NaOH 5% — the circuit 25 
(the Bahia hall 27 is included) was formed (refer to drawing 4 (d)). 
furthermore, the etching reagent used at the process of the above (5) and 
the same etching reagent (MEKKU dirty bond) — using — a conductor — the 
roughening side was formed in circuit 25 (the Bahia hall 27 is included) 
front face. 

[0111] (14) Next, made it dissolve so that it may become 60% of the weight 
of concentration to diethylene-glycol wood ether (DMDG). The oligomer 
(molecular weight: 4000) 46.67 weight section of the photosensitive grant 
which acrylic-ized 50% of epoxy groups of a cresol novolak mold epoxy resin 
(Nippon Kayaku Co. , Ltd. make), 80% of the weight of the bisphenol A mold 
epoxy resin (oil-ized shell company make — ) dissolved in the methyl ethyl 
ketone trade name: — the Epicoat 1001 15. 0 weight section and an imidazole 
curing agent (Shikoku — formation — shrine make — ) trade name: — 2 
organic-functions acrylic monomer (the Nippon Kayaku Co., Ltd. make — ) 
which are the 2E4 MZ-CN1. 6 weight section and a photosensitive monomer trade 
name: — the R604 4. 5 weight section — the same — a multiple-valued acrylic 
monomer (the Kyoei Kagaku K. K. make — ) trade name: — the DPE6A1. 5 weight 
section and a dispersed system defoaming agent (the Sannopuko make — ) Stir 
the S-65 0. 71 weight section for a container, mix, and a mixed constituent 
is prepared. The solder resist constituent which adjusted viscosity to 2. 0 
Pa-s at 25 degrees C was obtained by adding the benzophenone (Kanto 
chemistry company make) 2. 0 weight section and the Michler' s-ketone (Kanto 
chemistry company make) 0. 2 weight section as a photosensitizer as a 
photopolymerization initiator to this mixed constituent. In addition, in 
the case of 60min~l (rpm), in the case of rotor No. 4 and 6min-l (rpm), 
measurement of viscosity was based on rotor No. 3 by the Brookfield 
viscometer (the Tokyo Keiki Co., Ltd. make, DVL-B mold). 
[0112] (15) next, the resin insulating layer 22 between layers and a 
conductor — the above-mentioned solder resist constituent was applied by 
the thickness of 30 micrometers, for 20 minutes was performed at 70 degrees 



C, desiccation processing was performed to both sides of the substrate in 
which the circuit 25 (the Bahia hall 27 is included) was formed, the 
condition for 30 minutes at 70 degrees C, and layer 34' of a solder REJISU 
constituent was formed in them (refer to drawing 5 (a)). 
[0113] (16) Subsequently, stick the photo mask with a thickness of 5mm with 
which the pattern of opening for solder bump formation and opening for 
optical elements (a photo detector and light emitting device) was drawn 
in a solder resist layer, and they are 1000 mj/cm2. It exposed by ultraviolet 
rays, the development was carried out with the DMTG solution, and opening 
with a diameter of 200 micrometers was formed. And further, it carries out 
at 120 degrees C for 1 hour for 1 hour, heat-treats [ 80 degrees C / 1 hour 
and 100 degrees C ] on the conditions of 3 hours by 150 degrees C, 
respectively, a solder resist layer is stiffened, it has the opening 35 
for solder bump formation, and the opening 31 for optical elements, and 
the solder resist layer 34 the thickness of whose is 20 micrometers was 
formed (refer to drawing 5 (b)). In addition, a commercial solder resist 
constituent can also be used as the above-mentioned solder resist 
constituent. 

[0114] (17) Next, the substrate in which the solder resist layer 34 was 
formed was immersed in the non-electrolyzed nickel-plating liquid of pH=4. 5 
containing a nickel chloride (2.3x10-1 mol/1), sodium hypophosphite 
(2.8x10-1 mol/1), and a sodium citrate (1.6x10-1 mol/1) for 20 minutes, 
and the nickel-plating layer with a thickness of 5 micrometers was formed 
in the opening 35 for solder bump formation, and the opening 31 for optical 
elements. Furthermore, the substrate was immersed in the non-electrolyzed 
gilding liquid containing a gold cyanide potassium (7.6x10-3 mol/1), an 
ammonium chloride (1. 9x10 to 1 mol/1. ) , a sodium citrate (1. 2x10-1 mol/1) , 
and sodium hypophosphite (1. 7x10-1 mol/1) for 7. 5 minutes on 80-degree C 
conditions, the gilding layer with a thickness of 0.03 micrometers was 
formed on the nickel-plating layer, and it considered as the solder pad 
36. 

[0115] (18) Next, print soldering paste to the opening 35 for solder bump 
formation and the opening 31 for optical elements which were formed in the 
solder resist layer 34. Furthermore, by attaching in the soldering paste 
printed to the opening 31 for optical elements, performing alignment of 
light sensing portion 38a of a photo detector 38 and a light emitting device 
39, and light-emitting part 39a, and carrying out a reflow to it at 200 
degrees C While mounting the photo detector 38 and the light emitting device 
39, the solder bump 37 was formed in the opening 35 for solder bump formation, 
and it considered as the substrate for IC chip mounting. In addition, as 



a photo detector 38, what consists of InGaAsP was used as a light emitting 
device 39 using what consists of InGaAs (refer to drawing 5 (c)). 
[0116] B. The resin film for the resin insulating layers between layers 
was produced using the approach used by the production A-l of the resin 
film for the resin insulating layers between production B-l. layers of a 
multilayer printed wiring board, and the same approach. 
B-2. The resin constituent for through tube restoration was produced using 
the approach used by the preparation A-2 of the resin constituent for 
through tube restoration, and the same approach. 

[0117] B-3. Copper clad laminate which 18-micrometer copper foil 8 
laminates to both sides of the insulating substrate 1 which consists of 
the glass epoxy resin with a manufacture (1) thickness of 0. 6mm or BT resin 
of a multilayer printed wiring board was used as the start ingredient (refer 
to drawing 6 (a)), first, the thing which drill drilling of this copper 
clad laminate is carried out, and nonelectrolytic plating processing is 
performed, and is etched in the shape of a pattern — both sides of a 
substrate 1 — a conductor — the circuit 4 and the through hole 9 were 
formed. 

[0118] (2) a through hole 29 and a conductor — the conductor which washes 
in cold water the substrate in which the circuit 24 was formed, sprays an 
etching reagent (the product made from MEKKU, MEKKU dirty bond) by the spray, 
and includes a through hole 9 after drying — the roughening sides 4a and 
9a were formed in the front face of a circuit 4 (refer to drawing 6 (b)). 
[0119] (3) the following approach after preparing the resin filler 
indicated to the above B-2 — after preparation — less than 24 hours — 
the conductor of one side of the inside of a through hole 9, and a substrate 
1 — the circuit agenesis section and a conductor — the layer of resin 
filler 10' was formed in the rim section of a circuit 4. That is, after 
pushing in a resin filler in a through hole using a squeegee, it was made 
to dry on 100 degrees C and the conditions for 20 minutes first, next, a 
conductor — the conductor with which the part equivalent to the circuit 
agenesis section lays on a substrate the mask which carried out opening, 
and serves as a crevice using the squeegee — the circuit agenesis section 
was also filled up with the resin filler, and the layer of resin filler 
10' was formed by making it dry on 100 degrees C and the conditions for 
20 minutes (refer to drawing 6 (c)). 

[0120] (4) the belt sander [ one side / which finished processing of the 
above (3) / of a substrate ] polish using the belt abrasive paper (Sankyo 
Rikagaku make) of **600 — a conductor — it ground so that resin filler 
10' might remain neither in the front face of a circuit 4, nor the land 



front face of a through hole 9, and subsequently buffing for removing the 
blemish by the above-mentioned belt sander polish was performed. Such a 
series of polishes were similarly performed about the field of another side 
of a substrate. Subsequently, by 100 degrees C, it performed at 150 degrees 
C for 1 hour for 3 hours, 120 degrees C performed heat-treatment of 7 hours 
at 180 degrees C for 1 hour, and the resin filler layer 10 was formed. 
[0121] thus, a through hole 9 and a conductor — the surface section of 
the resin filler 10 formed in the circuit agenesis section, and a conductor 

— the front face of a circuit 4 — flattening — carrying out — the resin 
filler 10 and a conductor — the insulating substrate which side-face 4a 
of a circuit 4 stuck firmly through the roughening side, and 
internal-surface 9a of a through hole 9 and the resin filler 10 stuck firmly 
through the roughening side was obtained (refer to drawing 6 (d)). this 
process — the front face of the resin filler layer 10, and a conductor 

— the front face of a circuit 4 turns into the same flat surface. 
[0122] (5) software etching after rinsing and carrying out acid cleaning 
of the above-mentioned substrate — carrying out — subsequently — an 
etching reagent — both sides of a substrate — a spray — spraying — a 
conductor — etching the front face of a circuit 4, the land front face 
of a through hole 9, and a wall — a conductor — the roughening sides 4a 
and 9a were formed in all the front faces of a circuit 4 (refer to drawing 
7 (a)). In addition, as an etching reagent, the product made from MEKKU 
and MEKKU dirty bond were used. 

[0123] (6) Next, the somewhat larger resin film for the resin insulating 
layers between layers than the substrate produced by the above B-l was laid 
on the substrate, and after carrying out temporary sticking by pressure 
and judging on pressure 0. 4MPa, the temperature of 80 degrees C, and the 
conditions for sticking-by-pressure time amount 10 seconds, the resin 
insulating layer 2 between layers was formed by sticking using vacuum 
laminator equipment by the approach of further the following (refer to 
drawing 7 (b)). That is, on the substrate, actual sticking by pressure was 
carried out on the degree of vacuum of 65Pa, pressure 0. 4MPa, temperature 
80, and the conditions for time amount 60 seconds, and heat curing of the 
resin film for the resin insulating layers between layers was carried out 
for 30 minutes at 170 degrees C after that. 

[0124] (7) Next, mind the mask with which the through tube with a thickness 
of 1. 2mm was formed on the resin insulating layer 2 between layers, and 
it is C02 with a wavelength of 10. 4 micrometers. By gas laser, the opening 
6 for the Bahia halls with a diameter of 80 micrometers was formed in the 
resin insulating layer 2 between layers on the beam diameter of 4. 0mm, the 



Top Hat mode, 8. 0 microseconds of pulse width, the path of 1. Omm of the 
through tube of a mask, and the conditions of one shot (refer to drawing 
7(c)). 

[0125] (8) Next, plasma treatment was performed using Japanese 
vacuum-technology company make and SV-4540, and the front face of the resin 
insulating layer 2 between layers was roughened (refer to drawing 7 (d)). 
Here, argon gas was used as inert gas and plasma treatment was performed 
for 2 minutes on power 200W, 0. 6Pa of gas pressure, and conditions with 
a temperature of 70 degrees C. Next, after exchanging internal argon gas 
using the same equipment, sputtering which targeted nickel was performed 
using SV-4540 the condition for [ atmospheric-pressure / of 0. 6Pa /, 
temperature / of 80 degrees C /, power 200W, and time amount ] 5 minutes, 
and the metal layer which consists of nickel was formed in the front face 
of the resin insulating layer 2 between layers. In addition, the thickness 
of nickel layer is 0. 1 micrometers. 

[0126] (9) Next, the substrate in which nickel layer was formed into the 
non-electrolytic copper plating water solution of the following 
presentations was immersed, and the non-electrolytic copper plating film 
with a thickness of 0. 6-3. 0 micrometers was formed on nickel layer (refer 
to drawing 8 (a)). In addition, in drawing 8 , the layer which consists 
of a nickel layer and non-electrolytic copper plating film is indicated 
to be the thin film conductor layer 12. 
[Nonelectrolytic plating water solution] 

NiS04 0. 003 mol/1 tartaric acid 0. 200 mol/1 copper sulfate 0. 030 mol/lHCHO 
0.050 mol/lNaOH 0.100 mol/lalpha and alpha' -bipyridyl 100 mg/1 
polyethylene glycol (PEG) 0. 10 g/1 [nonelectrolytic plating conditions] 
It is 40 minutes [0127] by whenever [ 30-degree C solution temperature ]. 
(10) Next, stick a commercial photosensitive dry film on the substrate with 
which the thin film conductor layer 12 was formed, lay a mask, and it is 
100 mj/cm2. The plating resist 3 with a thickness of 20 micrometers was 
formed by exposing and carrying out a development in a sodium-carbonate 
water solution 0.8% (refer to drawing 8 (b)). 

[0128] (11) Subsequently, 50-degree C water washed the substrate and it 
degreased, with 25-degree C water, after washing with the sulfuric acid 
further after rinsing, electrolysis plating was performed on condition that 
the following, and the electrolytic copper plating film 3 with a thickness 
of 20 micrometers was formed in the plating-resist 3 agenesis section (refer 
to drawing 8 (c) ) . 
[Electrolysis plating liquid] 

Sulfuric acid 2. 24 mol/1 copper sulfate 0. 26 mol/1 additive 19. 5 ml/1 (made 



in ATOTEKKU Japan, KAPARASHIDO GL) 
[Electrolysis plating conditions] 

Current density 1 A/dm 2 hours 65 Part temperature 22**2 ** [0129] (12) 

— a conductor with a thickness of 18 micrometers which carries out etching 
processing of the thin film conductor layer under the plating resist 3 with 
mixed liquor with a nitric acid, a sulfuric acid, and a hydrogen peroxide, 
carries out dissolution removal and consists of a thin film conductor layer 
12 and electrolytic copper plating film 13 further after carrying out 
exfoliation removal of the plating resist 23 by NaOH 5% — the circuit 5 
(the Bahia hall 7 is included) was formed (refer to drawing 8 (d)). 
[0130] (13) next, the thing for which the process of the process of 
above-mentioned (5) - (12) is repeated — the upper resin insulating layer 
between layers, and a conductor — laminating formation of the circuit was 
carried out (refer to drawing 9 (a) - drawing 10 (a)), furthermore, the 
approach used at the process of the above (5) and the same approach — using 

— the conductor of the outermost layer — the roughening side was formed 
in the circuit. 

[0131] (14) Next, the optical waveguide 18 which uses the following 
approaches for the position of the front face of the resin insulating layer 
2 between layers of the outermost layer, and has the optical-path conversion 
mirror 19 was formed (refer to drawing 10 (b)). That is, beforehand, the 
optical waveguide (micro parts company make : 20 micrometers in width of 
face of 1mm, thickness) of the shape of a film which consists of PMMA by 
which the tip formed 45-degree optical-path conversion mirror 19 in the 
end using the diamond saw which is 90 degrees of V types was stuck so that 
the side face of the other end by the side of optical conversion mirror 
agenesis and the side face of the resin insulating layer between layers 
might gather. In addition, attachment of optical waveguide applies to 10 
micrometers in thickness the adhesives which become an adhesion side with 
the resin insulating layer between layers of this optical waveguide from 
thermosetting resin, and was performed after sticking by pressure by making 
it harden at 60 degrees C for 1 hour. In addition, in this example, although 
hardened on the conditions of 60 degrees C / 1 hour, step hardening may 
be performed depending on the case. It is because it is hard to generate 
stress by optical waveguide at the time of attachment. 
[0132] (15) Next, made it dissolve so that it may become 60% of the weight 
of concentration to diethylene-glycol wood ether (DMDG). The oligomer 
(molecular weight: 4000) 46.67 weight section of the photosensitive grant 
which acrylic-ized 50% of epoxy groups of a cresol novolak mold epoxy resin 
(Nippon Kayaku Co. , Ltd. make), 80% of the weight of the bisphenol A mold 



epoxy resin (oil-ized shell company make — ) dissolved in the methyl ethyl 
ketone trade name: — the Epicoat 1001 15. 0 weight section and an imidazole 
curing agent (Shikoku — formation — shrine make — ) trade name: — 2 
organic-functions acrylic monomer (the Nippon Kayaku Co., Ltd. make — ) 
which are the 2E4 MZ-CN1. 6 weight section and a photosensitive monomer trade 
name: — the R604 3. 0 weight section — the same — a multiple-valued acrylic 
monomer (the Kyoei Kagaku K. K. make — ) trade name: — the DPE6A1. 5 weight 
section and a dispersed system defoaming agent (the Sannopuko make — ) Stir 
the S-65 0. 71 weight section for a container, mix, and a mixed constituent 
is prepared. By adding the benzophenone (Kanto chemistry company make) 2. 0 
weight section and the Michler' s-ketone (Kanto chemistry company make) 0. 2 
weight section as a photosensitizer as a photopolymerization initiator to 
this mixed constituent The solder resist constituent which adjusted 
viscosity to 2. 0 Pa~s at 25 degrees C is prepared. Furthermore, the 
above-mentioned solder resist constituent was applied by the thickness of 
35 micrometers, for 20 minutes was performed at 70 degrees C, desiccation 
processing was performed to both sides of the substrate in which optical 
waveguide 18 was formed, the condition for 30 minutes at 70 degrees C, and 
layer 14' of a solder REJISU constituent was formed in them (refer to drawing 
10 (c)). 

[0133] (16) Subsequently, make a solder resist layer stick the photo mask 
with a thickness of 5mm with which the pattern of opening for solder bump 
formation and opening for optical paths was drawn to one side of a substrate, 
and they are 1000 mj/cm2. It exposed by ultraviolet rays, the development 
was carried out with the DMTG solution, and opening with a diameter of 200 
micrometers was formed. And further, it carries out at 120 degrees C for 
1 hour for 1 hour, heat-treats [ 80 degrees C / 1 hour and 100 degrees C ] 
on the conditions of 3 hours by 150 degrees C, respectively, a solder resist 
layer is stiffened, it has the opening 15 for solder bump formation, and 
the opening 11 for optical elements, and the solder resist layer 14 the 
thickness of whose is 20 micrometers was formed (refer to drawing 11 (a)). 
[0134] (17) Next, the substrate in which the solder resist layer 14 was 
formed was immersed in the non-electrolyzed nickel-plating liquid of pH=4. 5 
containing a nickel chloride (2.3x10-1 mol/1), sodium hypophosphite 
(2.8x10-1 mol/1), and a sodium citrate (1.6x10-1 mol/1) for 20 minutes, 
and the nickel-plating layer with a thickness of 5 micrometers was formed 
in the opening 15 for solder bump formation. Furthermore, the substrate 
was immersed in the non-electrolyzed gilding liquid containing a gold 
cyanide potassium (7.6x10-3 mol/1), an ammonium chloride (1.9x10 to 1 
mol/1.), a sodium citrate (1.2x10-1 mol/1), and sodium hypophosphite 



(1.7x10-1 mol/1) for 7.5 minutes on 80-degree C conditions, the gilding 
layer with a thickness of 0. 03 micrometers was formed on the nickel-plating 
layer, and it considered as the solder pad 16. 

[0135] (18) Next, soldering paste was printed to the opening 15 for solder 
bump formation formed in the solder resist layer 14, and by carrying out 
a reflow at 200 degrees C, the solder bump 17 was formed in the opening 
15 for solder bump formation, and it considered as the multilayer printed 
wiring board (refer to drawing 11 (b)). 

[0136] C. IC chip was mounted in the substrate for IC chip mounting 
manufactured through manufacture **** of the device for IC mounting optical 
communication, and the process of Above A, the resin seal was performed 
after that, and IC mounting substrate was obtained. . Next, by making a 
position carry out opposite arrangement and carrying out a reflow of this 
IC chip mounting substrate and the multilayer printed wiring board 
manufactured through the process of Above B to it at 200 degrees C, the 
solder bumps of both substrates were connected, the solder connection was 
formed, and the device for IC mounting optical communication was 
manufactured (refer to drawing 1 ). 

[0137] Thus, about the obtained device for IC mounting optical 
communication, an optical fiber is attached in an exposure from the 
multilayer printed wiring board of the optical waveguide which counters 
a photo detector. After attaching a detector in an exposure from the 
multilayer printed wiring board of the optical waveguide which counters 
a photo detector, The place which detected the lightwave signal with the 
detector after making a lightwave signal calculate with delivery and IC 
chip through an optical fiber, The desired lightwave signal could be 
detected and the device for IC mounting optical communication manufactured 
by this example became clear [ having the engine performance which can be 
enough satisfied as a device for optical communication ]. 
[0138] 

[Effect of the Invention] Since the device for optical communication of 
this invention consists of a substrate for IC chip mounting with which the 
photo detector and the light emitting device were mounted in the position, 
and a multilayer printed wiring board with which optical waveguide was 
formed in the position as described above, its connection loss between the 
mounted optics is low, and excellent in connection dependability as a device 
for optical communication. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing typically 1 operation gestalt 

of the device for optical communication of this invention. 

[Drawing 2] It is the sectional view showing typically a part of process 

which manufactures the substrate for IC chip mounting which constitutes 

the device for optical communication of this invention. 

[Drawing 3] It is the sectional view showing typically a part of process 

which manufactures the substrate for IC chip mounting which constitutes 

the device for optical communication of this invention. 

[Drawing 4] It is the sectional view showing typically a part of process 

which manufactures the substrate for IC chip mounting which constitutes 

the device for optical communication of this invention. 

[Drawing 5] It is the sectional view showing typically a part of process 

which manufactures the substrate for IC chip mounting which constitutes 

the device for optical communication of this invention. 

[Drawing 6] It is the sectional view showing typically a part of process 

which manufactures the multilayer printed wiring board which constitutes 

the device for optical communication of this invention. 

[Drawing 7] It is the sectional view showing typically a part of process 

which manufactures the multilayer printed wiring board which constitutes 

the device for optical communication of this invention. 

[Drawing 8] It is the sectional view showing typically a part of process 

which manufactures the multilayer printed wiring board which constitutes 

the device for optical communication of this invention. 

[Drawing 9] It is the sectional view showing typically a part of process 

which manufactures the multilayer printed wiring board which constitutes 

the device for optical communication of this invention. 

[Drawing 10] It is the sectional view showing typically a part of process 

which manufactures the multilayer printed wiring board which constitutes 

the device for optical communication of this invention. 

[Drawing 11] It is the sectional view showing typically a part of process 

which manufactures the multilayer printed wiring board which constitutes 

the device for optical communication of this invention. 

[Description of Notations] 



100 Multilayer Printed Wiring Board 

101 Substrate 

102 Resin Insulating Layer between Layers 
104 Conductor — Circuit 

107 Bahia Hall 

109 Through Hole 

111 Opening for Optical Paths 

114 Solder Resist Layer 

118 Optical Waveguide 

119 Mirror for Optical Conversion 

120 Substrate for IC Chip Mounting 

121 Substrate 

122 Resin Insulating Layer between Layers 
124 Conductor — Circuit 

127 Bahia Hall 
129 Through Hole 

131 Opening for Optical Elements 
134 Solder Resist Layer 

138 Photo Detector 

139 Light Emitting Device 

140 IC Chip 

141 143 Solder connection 

142 Conductive Layer 

150 Device for Optical Communication 
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(54) ^submtVht. 

(57) mm 

um^m 1 c f- >y 7°n=gffi»ffi t u > me 

iIt*^4§^Iflfflf>^XTfeoT, ±fSI C9 1 

yhBBiMlSKfi, ±131 C^'y^*«ffl»fii:*Hqi-r* 
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t 5 <t 3 icmi&iE tix ^ § c t z& m 1 ? % ftiifs 
2 ] tijiB i cf 7 y*sfflss«, s«±tc 

^Xo 

[m#* 3 ] tuiB^/i 7°u y h iEis«tt, «*± t m 

iB«B»fli«5«W%tSlEA,^»ftlilKlRl±*VW7*-;l' 

c»*a 4 ] tuiE i c ^ v yrngjass i: mmzm y 

7°AW^tlTV^f»5t<S l ~3<Z)^fnfr l fCfBIS© 

[0 0 0 l ] 

KM* 5. 

[0 0 0 2] jfi^, afa^S%*^i:UT^7 7^At 
«W8J»fcft»K fflfl^rAOfiSMfc, 

[0 0 0 3] Sfc, ^77^;^ — D<Dim<Dm£tf 
t?ft<, ^<CDS^§feg©7t% l*©^7 7-r/^lR] 

y-A^) fcOiHI^ 4»*«SIr|± 



oiifflKtfflv^sct^asgsnT^So coasts 

[0 0 0 5] 

^att* 1 ? ©Sift) «5 § ffiSSKSI^omffi 

So 

[0 0 0 6] 

icVMMi bums. »s±*5 * /s fctiSfirt fcjt 

fS, fip-fe, &ft^g[!n a n©ftBXV£ft<irci:tc^ 

[0007] ip-fe, *^©7tiiflfflxV^xa, I C 

fSfflxVUX-efe-^T, ±IHI Cf-vTgttfflSffifc: 
tt, ±BH^l7 p U>hE^Si:Wrn]-r5{|iJtc > S^gPfc 

^*W*S?n, ±!B^Ji7 0 UyhE^Stc«, ± 
IB I C^-y 7^afflSSi:W[p]t-§fflJt^!»^!iS*« 

[0 0 0 8] ^S^cD^fflfBfflxVUXtCfc^ 
T> ±151 Cf-y^gfflSfiti, S«±tc«j*@g§t 

m*6«w*»A/^aK*iHii»ra±3&'/w7*-;i/te ± 5 m 

MZtlT^%Z££im£L<, ±!B^«7 B 'jyME^ffi 
Sfi±taM*llBSi:Ji f«Slil 

S/c, *^tD^afSfflrV^X(cfe^T, ±IBI 

^*&mz>tzisbic¥m^yy'mM'$tiT^%cttf 

[0 0 0 9] 
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9 1 «y 7HSfflSfi i: $J5 7° U > h SBSS t ?> ft 3 ftil 

is i c*vttm%WR£ttm*mcmmkiMj8. 

TP k *^ UT«fll^*ffi3it § C 1 tfTS * «fc 3 

[0 0 10] *^l©)tHlffl^W7tt, mSoffiK 
KS^^feitf^Stl^A^SSnfe I C^y7g|g 

y h £££ i: z mms tir i/ ^ i6, igu fejt^as 

[0 0 1 1] ^^©^aflffl-rVUXtcfc^ 
Tv ±121 C*«y7'!S8fflgfifc±SE£S7 , yyhBaS 

^tm^OffiHtEB-racifcA^tS. ftfc, -t>l/7 
7 7 f ^ V h fFffl i: I* , V ;l/ 9- U S> 7 h H ffl % ti 

fc«kt)i|iBa^y7 , }BfiRfflBaPO**#ifit<):l3SSft® 

vhmHfcfTOLfcifa, ±K^fflAy7%^tT, ± 

m%m-?v>hmm±ic. mi c^yfmm^mm 
asanas u in c?v7%<mwm±si&m-7v 

y V BB$jMS± © IBS ft -fil K K t) {>t it 5 C T £ £ „ 
fot, ±8SI C^y7llSfflM£i:±fB£B7yyh 

^£D7"6^o n o%IE5lftfiStlxO#itT*5tt«\ 
>7 , *^LT±|E^J17*U > hEttBLtfc, ±IE I 

[0012] ±i27 l ea{iffl7 :; vux^«^i-§ i 

fcbTfi, 0J*.tf, PD (7*h*W-F) , APD 

LTte, Si, Ge, InGaAs ^W^nSa C 
tt&©ft*m±, S)t!SfifcflSn5jS^6 I n G a A s 

[0 0 l 3] ±IB^7t^?i:UT[±, fiflJAtf, LD (¥ 

JHftu— if) , d f b - l d (^fflagy-^siftu- 



■*f ) , led (awif-r^-K) naw^n&o en 

[0 0 14] ±8H««3R : ?OttsBfcL.TH:, tf'J^A, 

atjRfeitf y y<ovc&k (g a a s p) , #y 7 a, 7 

;V5-7Afc£tftttig©{k£tt (G a A 1 A s) , #'J 
>>At5«J:tfBt3RO{k^HJ (G a A s ) , ^yv^A, iS 
y ^ A *5 «fc Ofc^E CD-f t-S" W (InGaAs) , 
A, 3tf U 7 As ffl*l3«fctf 'J XDit&fa (InGaAs 

p) mtfmfznzo tn^i iiffiifcft%#j£LTf£ 

l^Htfttf£ < , , ilffi^fttf 0 . 8 5/* m«© 

if^KtiG a A 1 As^ffltSCtm, JIft&ft 
ft s 1 . 3/1 1 . 5 5 /i m^cDil-^Cte, I n G a 

As^InGaAs P^fgfflf M'Tt«„ f fe, 
±151 Cf-y7^SfflS1fiW\ »mfS^^fi)i1-?)/c46 

©^H/^y7*w^nTv^ c fcj^as tt/\ iintc 

[0 0 l 5] tit. ±!B7tffl{8fflrVU7^*^-ri>^ 
l^yyH«fi(i, ±131 C^y^HfifflSfitWiRi 
*SfflfcftWSBam8SttTV3. lot, JtWifiK 

[0 0 16] ±IS«ilMSBOttfii:LT«, fi^Atf, 5 

7°y y hiaisfi©]ip^g^« t©s»tt^<sn, fg 

[0 0 17] ±fB4^y v-tmtLTtt, fi£*&»l®fc 
cD%fflV^ili:A s Tt, *f*W(C«, tflJAtf, P MM A 

(#^fW*j";U-h) s M7]<^fbPMMA, It 
7K*7>yjR{kPMMA«!¥07d"J;H«)ii ; 7-ylHfk#y 

^ s kssojKu -< x mm ; x#*->«fHi ; u vsgfktt 
x#+^n ; s**{k->y n->«fiii«0'> y n-> 
wag ; ^yyy7P7ryfr?>ffiBfi£n5#y v-^^ 

[0 0 18] ±|S3t#iffiK<DjSStt5~5 0 fim 

*^a$ l < , *<omt i~50n m*<as l v. ±sb^ 

17yyhE«tfc^T, I C^-y7^gfflSStD§ 
^jR^KWlRi-rsttBfc^fiKSnfcJtilliSBi:, IC^ 

u\ s/t, ±iB7fe*»£§tci±. m^m^-mM 
*^-efe5o ±!B7 l 6ss^5^-©ffMas im-tzz 
«fli#*ffia-r4fe«)©¥Ba^y7'*'fl5fiK*nTi/^*<i 
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[0019] tit. xmoDimmRiT/u *\cis^ 
t, ±121 c*v7&&%m&t&m7v>hmmit 

ftif?? i: ±HEfta»?i£Sg UTftffi WwtlT ZCt 

[0 0 2 0] HftWfcW;, fllRtf, M#^¥Ba^>y^ 

ft*? ±f EftW&£§ i: t * 3f SOffiBfcEHf 
¥ffl<D-fe/b77^y^y M^ffi^Jffl 

*^6?**o 
[0021] WT, ±!ELfc^j£fr££§ft3{iffl7^ 

BHfS. Bit*, ^fSEOfta^fflfVWXO-^fifiJg 
88%^WK^-r»rEiai?S«o fc*s, H 1 fcfci, I C 

[0 0 2 2] HUc^-r«fcd»i:, Wf^-fX15 
0(i, ICf7714 0^SL/:ICf7yilgffla 

fiii 2 0fc£Ji:7yyhBBttRi oofcft»6*j«sn, 
i c^yfm-mmm 1 2 0 t^a^u y msm 1 0 

[0 0 2 3] ICf77Milfil2 0it 1112 
1 ©ISEKSiftSgS 1 24 (124a, 124b) £M 

mwsmwimm 1 2 2 wiiffMsn, 11121 
h J rm\m^n±, ts^ti, asasi 122^ 
A,/c2»f#0sgp±«, jg-n^tu 1 2 9 

(12 9 a, 1 2 9 b) &J;yVU7*-;H 2 7 (1 
27a, 127b, 127c, 1 2 7 d ) cfc ^ 
KSSSnT^S, ICf7 7ffliSlI12 0 

1 0 0 fcttlRj-TSfflflOgflHW:, gftgG 1 3 8 a&^tf 

?gftgp 139a 3b^n j enBtB-r5«fc 5 §ft*? 1 

[0 0 2 4] 0 0 a, 1110 1 

OSS£»#IHK 1 0 4 1 0 2 fctffll 

jwfM^n, s«i o \*&him#mm±. 

D\ 0 2 %«^fcW0Kls]±te, * 

n€n, 1 0 9feiy>^7*-;V l 0 7 

iiioooicf7 yffl^sas 1 2 o fc^-r s«w 
©gfl-SKMu ft&fflgan i i i fc^Ea^y^t^fi^. 
fty^-i/^Hi i 4ATO?ti§tfcfe(c, ft 

1 11 (Ilia, 111b) iTFKttSaSU 
7-119 (119 a, 119b) *to*.fcft»»Bl 
18 (118 a, 1 1 8 b) «SnT^«„ 
[0 0 2 5] CO.fcS&ffijafr&fcSWHfflfflf^VX 
1 5 0Tli, S77^ (0*W) ZftLTHm^ 



tt»gJJU7-l 1 9a*5«ttf}tK}ffllJBPl 1 1 a fcrt 
LT^ftH? 1 3 8 (§ftg|3 13 8a) tc££ftfctt, 
§ftil?l 3 8?«Kfl#fcS$ISn, Se>fcU j»*f 
14 2a -agftlHEg 124a -;W7*-;1/ 127a- 
7jl/-*-/M 2 9 a-/W7*-iH 2 7 b -¥H*£ 
4 3 a^Lt I Cf77l 4 0 tcg^n?. C t 

[0026] tit. ic*v?i 4ofr&as»>wsnfc 

HftfB^te, ^ffljgffiSPl 4 3 b-/W7*-;H 2 7 
c 12 9b V7#-;l/ 1 2 7 d -» 

{*0S§1 2 4 b-W««l 4 2 b£/fLT^ft^?l 3 
9t£?,ftfd&, 3SftJfr?l 3 9T-ftfi^Cg£$2n, 
COttffl^&ftjR? 1 3 9 (#gftg[S 1 3 9 a) frP>ft 
BfflBBP l 1 l b&^t/ft^i!^- 1 1 9 b/TLTft 
«SSgl 1 8b^3gA$tl, ft7 7 ^ (H^ 

[0 0 2 7] ##gB^ftffiffifflxVW7.-e«, I 
7°HSfflSffirt, BP-6, I Cf-yT^ifiWuBT, ft/ 

fc g& £ ttfc&, ft 7 r ^ / L T ttffifc S 9 £ S n 

5/cst^<, *b a y 7°£/ru t 7° u y h mm 

mmcmmntzim i 07^7^11?^^ en 

[0028] 2Kk, *awo«afltffl7'/w^%ii3fi'r 
ssffifcov^iiiwrso ±teftMSfflxv^x«, 

*mK.W&Lti&, I Cf--y7°^ffl»«£Dgft«? 

<t tf%ft^? , £17° u y h ga«cD3»j*iiiK t W 

Wl^-TSJ:5fcM#*iaHU U7P-SttII^ 
t, ST, I c^y^SfflSffi©Siji?3te 

[0 0 2 9] f T , I Cf-y/^SfflSffiolSiii^ffiK 

(1) Sf, Kffi^ttSS 

±£»f*l3K*J&i!t?5o ±ia^tt»«i:UT«, f^J 

exvW5K-h'J7^ (BT) ^fl|S 

fi, Mttt*U7x^yyx-r;«ffi, 

ffi, Rccafitgaw&ft*. tfc, a{k7;i/S--7 

ASS^o-b 7?7^ ss^, y 'J 3 y asfcffl t 
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a, x y * y ^"saii^Sfil- c t fc «k o JfMf set T* 

<fc 0MLTtJ;^„ 
[0 0 3 0] Sfc* ±IB»§S»ttSffi*SlEA,^»(*ll8SH 

1 0 0~3 0 0 /imTSS. S/c, 7;l/-*-;l/£ 

[0 0 3 1 ] (2) &Efcf5i;T, «ti«»iS 

iSK:fflfkMfiiI£S&-f 0 ±!BfflfbffM5aat LTtt, 
0J*.fcf, Hit ($Hb) -STcfflS, SS^fflffi<*i:W8tS 

u - n i - p §t«^i6 o t j: 5 c t 

¥^ffl*ti, fflfit, 0. l~5/imtfB$L<, 
KfcSIBH9lii«5ililBi:Offi*tt, »f*IHi8©«&ffi^£ 

ffl«£ffMbTt> X;I/-*-/l/fcl»fliftJ*#i: 
[0 0 3 2] (3) «ti«£JfMb*:S«± 
7 * 'J ;Wt snfcttfflB*, t SiBj^MI £ £tr 

fkottfllMti, *Wko«HlB*o-;l/3-^-, *~f 
yn-^-iicioi^Lfe?), **SHk (¥Wk) <7)«t 

[0033] Lneosm, *®{k (Wt) 

ti, ffj]0. 2 5-1. OMPa, fig40~70t, 
KSfi 1 3- 1 3 0 0 P a , $m 1 0- 1 2 0#Sfic7) 

[0 0 3 4] ±|S»a!{ktt«fflBi:LTtt, tf!l*.tf, x# 

t71/« tf7vl^5 KttfJi, jRU*U7-f >3R«t 
m, #U7xxi^x-f-;i«, #U7i^uyf 



v/">/7 n^>£ 5>xvgfi&LfcflBWSx#*5/ttIBWtf 
[0 0 3 5] ±E««tt«filli:LTtis 7*U 

;i«»W5n§o ±ia^®fkMg<^-g[5 

*7*'J;WkLfcttfflgfcLTW\ 00*. tf, ±IEbfej»« 
{kMI<D&fiS<k«£: * * * U ;l/»^7 ? U £7 

[0 0 3 6] ±l3J»BTfflttWiBi:LTf4, MAtf, 7x 
7*>>8tflg, *'jx— f;l/X;l/7*> (PES) , #'J 
7;b7*7 (PSF) , *U7x-l/V^;I/7*y (P 
PS) l'J7i-Uy^l'7 7'f K (PPES) , #U 
7xXUyx— r;l/ (PPE) #iji-f;W5 K (P 

i) ^w^ns, 

[0037] tit. mmmm^ittbx^ mmit-& 

a«**t)^i:UT{4, 0J*fcf7i7-;HSIjl/#i;x 
xjp*'>«flfi/j|f J x— r;I/7;l/7 * x xjp*S/«fflg 

«\ 7^y;w»ii/7x7*'>«tiii, x#*$/ga>-a$ 

^7 ^ i; ;Wk Ufexjp+^fflBg i: * U x-r^X;b7 * 

[0038] sfc ±E*fli*^*fc*w*««ii{bttat 
itani* fctt««tt#ii/j»Rrffltti«ii= 95/5-5 

o/5 0#SSU\ K^W 

[0 0 3 9] Sfc, ±MI!fci\ 2®lX±©g.55:§fe1 
HiJiJb^ffifi!l*nTi/^Tfe«tl/\ *ftWtf±, PAii\ 

5 o/5oofflMfr5Msn, ±a*«fbtt 

«Jlii*^f±ffl3ttt«fJ!i/»plSi1tSJIii= 90/10Oi 
tc-T § c t \z J: 0 , t £D«nfcS«tt%5S{S 

■rsfctfct, aiSTv^7*-;i/ffl^n^^^-r 

[0040] Sfc, ±is«fiBJl«s fflikffiffMfflSfSlffl 
i^TAM lt t j: i/\ ixmvmmmim 

WtOiittil^h'J'^XtC, it. 7;l/*'J43«fc 

tfiwkaij^6i!tfn«'>ft< fct 1 ffl^&fts*a{kffltt 

IB r«»ttj rpj^ttj k^^ig^ p-offlfk 
fficiBj-a#FHirsii b/cti^t s mttmc®im&<D^ 
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[0 0 4 1] ±ISB«M4ttflBv MJ -y 77 i: Ltli, S 
Hffi)ii*§S8Wf!:±i2ffl{kffi*ffli/^ , rffl{kffi*JBfiK-r«IB 

.to, AHiuigffliiiwtcflgft. s««ia!*ffl^T/W7 

[0 0 4 2] llSittttiitLta, X# 

s<, 

[0 0 4 3] ±iax**'>SSIiii: LTtis 0!l*»f» *U 
y-^/^7'^Sx>f^-« 7;Wv^7x/-;b 

/ jK5 v * ix*+ ^atui, tr 7 x y f sxd?* -> 

yg/xtf* v^SSls 7iy-;H^7i7 - ;Hfck»S 
*WTS3SS«l7;l/Tk Ktoffi^ox^+Mbft, 
h U 9 'J S>;H' V 7 * I/- K fllSSSx ->«f Hi 

^wen£> 0 cnsti, *aTffli/^Tt<fc<, 2a 

[0 0 4 4] ±ISJ»Rlffl14«fl!B4:bTti, fiajAtf, 7x 

/*~>mm. # u x— t)vt>)]/7 * x *yx;i/7* 

#'J7x-U>x;V7*x #U7x-U>-tJ-;l/7 

awsns. cn6«#39i"Pffli/^Tfcj;^u 2 aw 

[0 0 4 5] ±« 7;l/*U33«fctf»fkSiJA^aWfn 

[0 0 4 6] ±!B«S?tLT«, ffilAtf, 7;l/ = x 
7A|t^*« A{k*«K #'J7Alk-&»s vj^ 

*5">A{kfc*k ^fcffcfcWsaweftSo cne. 
»*a-?ffl^T fe * ^ u 2 aw±«fffl L-Tfettv^o 

[0 0 4 7] ±IB7;l/5x«7A{k£tofcLTM\ 0J* 
«\ 7;V57\ 7j<SE^7;l/5x7A^*^lfP.n, ±!B 
*;l/^7A{k^HBi:LTli, {BIS.fcf, SI*/l/->7A, 
zKIWt*;l">"> AiP^lf 6tix ±!E# U 7 Afk-^fti: 
LTtes 0J*.t& SS*'J7AfW5n, ±!Bv?' 

llEWJRfk^tofcLTti, m«\ S"J*, -tf*7-Y 



[0 0 4 8] ±l27;l/5tfe?(±. * -a 

fc^-etS. £fcs 7hU7A^^U*^Knv^ h 
t47;I/*U*»«"P»»l«Sf8<: fc^T?**. 
[0 0 4 9] ±.WSmW?t L/Tf±s tflj^tf, SHSfktt 
ttflg, JttRTfflttttWBW^B** en. HE, 7 

u *s *tfiwk»jfr 6aHfn*'>ft < 1 1 1 m& & 4 
*ffl{kK{ca»Lfc»*fCs ±fE»MMiv b >; 7 * 

» ^7^5y«flB9) , 3L$*i/mJM* 7x/-;l/ 
mU. 7x7+«, tf'MSKtttflB, #U7xxU 

{kS*T*^4V^±|5ffll!ie^ffiflgv h U -v 7X£ 
»IBS'e*»SiJfc»»LTLJ§: 5 C fcta:*3^6T»a& 

So 

[0 0 5 0] S/£, ±IB^IIS?i: LTfi, =TAffi3«? 

LTtes ffllAHf, 7^UnxbU;l/-7^v ; xyd"A x 
jJ?U*nn7 , UydTA, ^'M77UydA, 7^U;1/ 
=TA, ^S5!^»JttaA, 7'yjRrfA, 7U^>nA, ~> 

tf, jp'J^^xyJA, xjp*>>ait, 71^^y^ 
Its (^^) 7^Unxh-J;^ffi^<73#a»^U7 
^>>xyxi'A, *;b#*->;l/S%#WLfe (^^) 7^ 
ij n x h U ^ • 7 ^ ~>"x y =f A**ftffl UTfeiVo 
[0 0 5 1 ] ±i2«ffl«lii: UTt±, iieiSftttll 
©*®{kjSS%ffiffl-r«iii:*^t, ocDi^^tgfflli 
fllOllftffilfcUTfi, ffj^tf, *®{k^x^+y^Uxf 

v- 1 7 5 vs®!fkSijos^aip^if ens. ±ib^ 

fflrfAfcL-ni, WJ^-HT, ±|BLfc^U7^>>xyrj- 
As x^+y^'tts 7^?>a (^^) 7^'JDX 
h U ;l/£1±^<0&agft# U 7'^ i>xy xi~As 
~>;l/S%^Wtfc (^*) 7^'JoxhU;!/. 7^v>~x 
y^A«o*Wk»}S«*ffiffl-r*{: i:^T?#*. 

[0052] ±.immm*mm'i±z%^T±tmK 

gl^Scfcdtc) j;5(Cs Ctt&®toK*»WTS&gtf 
feSo ±iSS*t J; DSKSnfeiBSlttfflilgv h U y ^ 

AO rgj ^ftLTV^m * fetes 

fi«*i=rAo risj ©tf fc, mmmm-? h v <ytz<D 
ffi^%Sfk?^fctis r^j %f c \z raj ojft^gWfig 



(7) 



iff m 2002-296435 



[0 0 5 3] ±|^S&?i:LTa, m*.li* SB, 

[0 0 5 4] IMWmtmn*. 2ffliX±ri^tTffl 
?I£t-&2fflcDTO4^»<Offl&-&frtf£ 

SttSrWffif * c i: * £ i: i: fc £ , Igft* i: o 

mx-mm^mmm ^-r < , mimm^mmm^ 
m^Kzm rsmmmmm ict^vt m m 

[0055] ±mmtmtLT®^m£iTi$. m*. 
wr, u tra, «, mm, mmvmm 

m^jtL-m, mm, tuhn, ^umm, t 

[0 0 5 6] ±KBT»tt<7)ttJt<0¥$ttat4, 1 0 (ira 

fl^?fc*JE*£fc#TffifflLTfcJ:i/\, BPS, 
SfrO. l~0. 5/im©pI»1tOl4mi:¥^iteS!bM 

[0057] spj^e^ttawwK^fr&ffl 

Schick, jm««P*-3tBlO»)BH»*!8:< U, * 

aws < x^mmv-wmzmmz c twos 

S„ ±IEfMfti¥^gg^0. 8/xm^Sx.2. 0 fi 
m^t'feD, »S¥W0. 1-0. 8(im 

[0058] tottntLTimitmm 

^7*-;l«P%ff^U »H«tJii*6»li:-rSo £ 



[0 0 5 9] gfc, *Ott**i:LTj»Riaittia«iB*ffl^ 

fcJBiautJiittiMi*fl5fi!Jt5»*k:ti, mmmsm^ 

1f ftia**-*- c <fc 0 IMt 5 c f: ^t? f 5 . £ fc, 

tax* u- iffflanste «t d Mt m «t w 

[0 0 6 0] ±IBU-if«ll!Kffifflt* LT 

— tf^ja/vi/xoKKjff^u— wis u\, 

[0 0 6 1] £fc, X+~>YU-f05«^ *D?' 

[0 0 6 2] Sfc, f-O 

^i/XfgPIte, lO-4-i o-s»-ca54«: fctfS* L 

te, 1 0-5 0 0 ft Cfctf S^c, Jt 

mi-3S«-e, fro, fiawififi^ra-ou-ifw* 
3 1 LT^W7*-;VffllflP^ffMLfdi, J&BJCJKU 
[0 0 6 3] (5) ^K, ;^7*-;l/fflBPOrta* 

[0 0 6 4] ±!E5?IMW{#jf©«it^LT&, fl»JAtf N 
K«n* ^fr <k tf - -y ^r;l/fr 6 ft § ©frM 

feottj:»)»iaaM*Ji%jKBK-rsfli^fc{±, o. 3~ 

2. OumtflfK, 0. 6-1. 2 /i mfr£ ^ Si 

0. 1-1. 0 jumfrSSL^o 
[0 0 6 5] £fc, ±f39M»f*fl£ffMf ^tfUc, € 

fflfbnfn^ffMf § c t \z «fc 0 , i: ?W-JSit 
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[0 0 6 6] tit. ±IS (4) Ol8-PJtil7L*fl5BKL 
0 X;b- £ L T t <fc l/\ 

[0 0 6 7] (6) f-OgffiKWSiJiftffl*^ 

a*«S-r c i: tc <fc D * c i: * * . 
[0 0 6 8] ( 7 ) SJI»{*JI£i6 o t U - K 

i: LTS«i«>oS*f^\ ±IB&^§ U^'X MWMSP 

5-2 0 /imtfgS U\, 

[0 0 6 9] ±|Si6otUv > '7.hi:iS46otU 

a\ 7;b^u7j<^^ffl^TfT^« i j;<, ±xmwm 
HJ7A, $iWy^7A, ififkS-K, aifbtfir 

a^flDXy^y^S%ffl^Tfr^.tf J:V\ ±!B« 

7??* (is (6) fc-itf (7) ) laxz-T, mmmim 
±.(D±mcnm.ib o t jtfcj&s urn x -y »i 

[0 0 7 0] ±IB (4) fe<fctf (5) OlgKfe 

^TX;l/-*-;b^fMLfci§£-K:te, Ra;l/-*-;l/ 

[0071] (8) &tbv%mz&&Lrct8&fc 

l/\ £P>tC, iBBfCffiUT, (3) ~ (7) OIg*« 
[0 0 7 2] (9) ^fteSStlPMIffiltJii: 



[0 0 7 3] ±SE«^©y;l/^-U^XhfflfiK«j 

*) 7*1>U-K << S.#V-toffitm, 2tltt 
*) 7^JWlXfW;v- v »fi5 0 0~5 0 

oogficD 7i"J;Hx^f;l/Ol^*, £x 
7 x / -;bSx|* isffimmfr 6 * * MBH tttffll, £ 

ft, tOttfiti 2 5 °CT* 1 ~ 1 0 P a • s tCHHS^ftT 
[0 0 7 4] (10) ±8av;l/^- u^x hff 

y;b^-U^Xh**}gfi)lf SBSK, ^46, mMcDfiB 

icfflnz^tzmmyj ivhmm. u warn?* 

na p t * wr s y ^ ^- u ^x h ji*^ l 
[0075] (id ±te^ffl^y7ffMfflMP 
BUT, X7-y;K ^, §1, fi^cDif^ 

ft^Bfctosau w--/ Kits. cn5o&fr 

T»{4, -7^/1-1 Xy-5r;l/-J|, X7^-^7^ 

ot, mm. wc^MMtscw^ts^ c 
ft e, ©fcfr-ptt, swio^-tttcMfti, t ^ 

[0 0 7 6] (12) i^c, IIB^Ba/^-y Ktc^StS 
t M P STOfiic * ft fc v X $ * ft L T , ±f B¥ ffl ^ 

[0 0 7 7] (13) Sfcfc, V;I/^-U^MJC« 

?cD*g«, tflJAtf, ±13 (1 2) OlgT?^*^ 

D^ffl (w«ji) zftL-cmmtm&^o *h 

^?fc=j;t> - |g^?i4y;b^-Uv ; xhSa)iSffitcSS 

[0 0 7 8] ±!Bb/caffi*S-t§73ffit^^ 

t, ±hb (i o) <Dxm-eytmm?m&mma*&i$.? 
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Tmmtzctic&ongiLT&^o con*, s 

«ci:i:&So ;:<DJ:d&Xf§;&g3;:i:fc£D, *5§ 

[0 0 7 9] jfcK, £S7'J y hESMgOSjfi^ffifco 

( 1 ) £ 1\ ±15 I C 7£gfflgfi<&«ig£te<0 
(1) ~ (8) fcE«©Ig*f^*<DffiifflK»f*ISI& 

LT$5< 0 

[00 8 0] (2) I C^'y^SSfflSffii:«lRl 

5 ft 5 tft. ±!B»«*ffifr 

54*Jt»«Bt4, L i N b 0 3 , LiTaO 

(CVD) , 5mSx^*:y^;l,£l££=fcD 
■5 <: £ £ D ffMf^ci £ ^'-e? §o 
[0 0 8 1] Sfc, ±!Bft«)!£l8%#Uv-;ft^ffl^ 

* h , jv^57Y-t^ffli/^73ft, «Ksstt&, s*m 

fiWB*ffl^S£ffi> 7* r-7U-?-yy?£, cn^^i 

fcffMT§if^c^ IFSl«±tc«filt§ia 
[0 0 8 2] ±!E^#&SSfc«, ttBSEJJU?- 
$Dtttf3tuk:ffMLTfc^T&i:^U IHtttliBffili 
HWgffi^Ji±tciSgffM1-§tI^^^T, ^«>ft 

[0 0 8 3] ±HE) I 6S§^=7-^ffM-r§^ffii:UT 

v -^ft t «fc s ««toi> s^Stt^ * y x 7 y 9\c 



So 

[0 0 8 4] (3) ft»W£ffMLfcffi&cDft 

^hJlti, mtf, ±83 1 cf-^affliScy^ 

[0 0 8 5] (4) icj-vfmm&tiLtttfa 
ftSSffl M P i: * flM* * . ±IB* ffl^ y 7*ffMffl ffl □ 

y^JBJ«ffllHP*»J«1-*»ffii:W«07Jffi, BPS, it 
&t5, ±!B¥ffl^y7ffMflm c !PcDffMi:, Jt8fflP»BP 

[0 0 8 6] Cftt><Dt&frT>&, VllP-UiSX 

7ffMffl M P i: ftSSffl RJ P t ZBf&t % HWtWm 3 

{MfcMP*W**«JIB7*;l/A*ftnHU IM§7^ 
;!/ A*3i 5 5 c 4: t <t D , fffl/^^ffMffl BSP 

[0 0 8 7] Sfe, iBWoSUT, I C^-y7^SfflS 

^y7 0 »J5gfflP^P^ffMbTtJ;v\ ^xg^lSSCi: 

[0 0 8 8] (5) ^K, ±i5¥Ba^y^fiKffllWP* 
1 1 «fc 5 Km Lfc#ftIilBffl5»*, ^StccS 
UT, x-y^r;K ^7^7A, ffi, a^^OBAtt 

[0 0 8 9] (6) ±IB*fflA-y KfCfflSTSfW 

Ktc¥ffl^-X h ZMM L1t&, 0 7u—~t%> chick 

fcOfSeifcKJ;?), PGA (Pin Grid Array) Jf>B G 
A (Ball Grid Array) 4:LTt>J:l/\, COJ:5 4IS* 

m 7 u y h mm*mm s c t ^-e t s . 
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[0 0 9 0] #fc:, ±KLfc£ffiT«iSL;fc I Cf->y7 

/u^*ii3fi"r*^SKo^TBiwi-*. ti\ ±ibi 

*«»WK»«fr*. BP'S, lC*v7m&mm&£& 
S7'J y hKttEfc**tt*niffi£0ffiliK, FfiScDft 

[0 0 9 1] Sfc, fcOIgWi, I C^-y7l!SfflS 

mt&m-fv y hnmmtzmv^m^yfZRi^T 

[0 0 9 2] ±12 I C*'y7£«ffi»fifc I Cf- 

c ^ y y^gffl as i: 7° u y h mm t § 

[0 0 9 3] 

mmm i ) 

A. I C^-y7iM»DfFg 

A-i. «H<Sfll*e»»ffl1»liB7-i';l/A^8i 

9, Jfc{fc->x;VX#*i/tt»iXfc?3- MOOD 30 

iy^mz 1 5, XB*^y*it¥xmttm xk^uy 
N-6 7 3) 4 0Mg[5, h'J7^il^t7i;- 
;l//*'^-y^l§ (7x;-;btt*tI3il 2 0, * 
B*^>+IMttl 7x/^hKA-705 
2) 3 OMgl^x^l/i/'^'ja-^T-trf-- h2 0M 

y/H^h y-7-9-2 oMS5£j«#Lfttf e>insa 

(•f^-fe{bfi!lX*tt«l rtb77XR-45EPT) 
1 2-7ix;l/-4, 5-H"X (KhW 

**;10 JS.W-mft&l. 5 MSB, ffl&ftisV 
*2««i5, ^yrJ^tSJSSJO. 5MBgPWPbX 
#^>I^M*£!ISa Lfeo f# 5ftfcx#*S'8tfliffl 
tiRMtemZ 38jiimOPET7^ ;l/A±Jcej*^OW3 

fcft, 8 0-1 2 0°CT-1 OtflHftJftS'SSilfcfcJ: 

nr^m^sfflffl§7^^A^^bfco 

[0 0 9 4] A - 2 . Hffl?LS«ffl^/ilfflfiit%0^ii 
tf X 7 x / F Sxtf* / (ffl{k-> x;W± 

& :310 s YL983 U) 10 g 



ffi»c->7>* v7"U viONtf a-r-f ^Sttfc^ft 
g*U . 6 p mT\ g^K^Oifi&tf 1 5 \i mJ^TO S 

1 0 2 (7 Ff7 **t8k C R S 110 1- 
C E) 1 7 0S«BPtJ,fctf U^U y^9J (-9-y77aa 
SI ^U/-;l/S4) l. 5fi»8B*gBfcfc!K 
«-&f SCfcKJ:!), *©«ifitf2 3± 1 °CT*4 5-4 
9Pa • sMg?t«^iiSUfco fcfc, ®{bSiJi:b 

t, -r5^7-;i/«{b#j (Ea{bfiSc» 2E4mz- 

CN) 6. 5li»*ffl^ft. 

[0095] a-3. i crvfmmmmmm 

(1)»S0. 8mmcD^vXX^+^gSfc^BT 

2 1 ©Wffifc: 1 8 /imCDfi|?@2 8tf55*-h3ftT^ 
£fflS«H«*ffl3Stmi:Lfc (0 2 (a) #!!S) . $ 

2 1 £>SffitCaift0S§2 4 tX;l/-^-;l/2 9 £*Bf& 

[0 0 9 6] (2) X;W-*-;l/2 9 tmW®&2 At 
*}15fiaUfcaffi*zK}5El/^U, S£0fcLfc1& NaOH (1 
0g/l) , NaC10 2 (4 0 g/l) , Na 3 PO 

4 (6 g / 1 ) *^trzk»«*jiR<bJS (lMb8» tf § 

HffcJBSs NaOH (10g/l) , NaBH 

4 (6g/l) *^ty*Sf»*iS7c}Sf:-r5a7E«ia* 

fbffl2 4 a, 2 9 afcJ&SLfc (0 2 (b) « . 
[0 0 9 7] (3) ±EA-2KE«Lfe«Hil3E«tt% 

^;l/-*-;l/2 9rt*5«fetf»E2 l ofrffiOWftllHS^ 

JfcKfiP i: Wttm& 2 4 <E> MtSB £ EtttflgJSSttt 3 0' CD 

-*-;I/rtK«tfli3E*«*ffUjiA/^a, loot 2 

a-r^g^MPbfcvx^?raffi±t«Hb, X+- 

MMtfttftmL, 10 0°C, 2 0»O*ftT?Kj»S^5 
CfctJ:f3tttlii3t«tt3 0' <Dm*&f&Lfc (0 2 
(c) o 

[0 0 9 8] ( 4 ) ±E ( 3 ) ©flag****. fcfflSOtf- 
S*, #60 OOD'WUmMtt (HWHib^ttS) ^ffl 

^fc^;i/ h u- y ^-Bf*te «fc <o , mwm 2 4 ©gE^ 
X^-*-;l/ 2 9 cd y y FSmicmmMMVi 3 0 ' w% 

fc 0 1 0 0°CT' 1 H#Pe§, 12 0°CT3BM 1 

5 o °ct- i h#Hn i 8 o °cr- 7 laoipjftjiaa*^^ t 

[0 0 9 9] uCDcfcdtCLT, X;l/-*-;I/2 9^»f* 

mmm^mcB^nrzmm^tmi 3 0 cDangpfc «t 
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mwmz 4<9l£EWHkU 0 i:» 

{#®5§2 4©{Iffi2 4 a i:tfffi{bE*ftLT&HfclB* 
U gfc, X;b-*-;l/2 9©rtllffi2 9 a 

3 0 fc^ffl{kffi*^UT»HU:«J»Lfc*ftl»ttSffi* 
t#/c (0 2 (d) #88) . C(DX@tj;i9, fflfllftftfef 

* 3 o ©sb £ «»0s& 2 4 vim t t>m-¥m t a 

Co l o o] (5) ±IB3Sfi**8k ®tt«t/c^ 

SfCXTV-feiftfcttttT, 3»{*[i]IES2 4(DaffitX;b 

i;tcJ;D, »«c|iB240^«Sk:ffl{kS24 a, 29 
a^ffMLfc (0 3 (a) #fig) . J7f>^fcL 

t, -rs^v-^a (i i) sg#i oaagis, yjn- 

;H6 7 fi»g[S, fflft* U 7 A 5 B«g[5^^t?x yf-y>f 
[0101] (6) ±|HA- 1 TMLfcffl&ci; 
KttliU EftO. 4 MP a, ?ag8 0°C, E»B#f!§ 1 

iDir«ill2 2«L/i (0 3 (b) # 
fig) . f&fa-S, jiHffiliffi«Wffl«Jii7-f;l/A%S|g 
±fc* ISfi6 5Pa, EftO. 4 MP a, 115 8 0, 
R$M6 0#<&*ftT#jEE*U 1 7 0°CT3 0 

[0 10 2] (7) iWC JlH»l!it6»S2 2±fC, IP 
SI. 2mm<DHS?Lft«£ftfcvX7*:fl-UT, K 
ftlO. 4 /im©C0 2 tfKT, If- AS 4. 

Omm, b>y7Vvy h^r-F, ^;I/XiH8. 0 V 
**©Kffl?L©& 1 . Omm, 1 i/a -y KD&#T?J1IB 
2 2 fC, «g8 0/i mO/W7*-;I/flMP 
2 6WLfc (0 3 (c) mm o 

[0103] (8) /U7*-mmn2 ezmniLrc 
i o^tmtu mmmmmzzm&mic&&.t 

5 x ^WIIBtt^fcigJBIftS-r 3 c i: J; D , 

*-;i/fflisip 2 6 (Dfawmz^tsz oasfcfflfkB*^ 

fiStb/c (0 3 (d) #fig) o 

[0104] o) 3^fc, ±Effla*»*fcasffi*x * 
^c, aitti (ffljk^^3^m) Lmmmm 

ts) icmmmmt^it ma^pf) . ±sbs 
a (p d c i 2 ) tmtm-xx (s 

nCl 2 ) U /^^7A£g 

[0 10 5] (10) iWc, ^T^McDWj?«i6o 



tf, S3I7L2 9<Dgffil<:JPSO. 6-3. 0/im<&»« 
jBJH4&otBS3 2*J&jgLfc (04 (a) #M) 0 

[0106] mmtim-o&mm) 

NiS0 4 0. 00 3 mol/1 

m^m. 0.2 00 mol/l 

0.0 3 0 mol/1 
HCHO 0. 0 50 mol/1 

NaOH 0. 100 mol/1 

a, a 1 -tf \ZV*Jj]/ 10 0 rag/1 

$t)x.?ls>?Vu-j], (P EG) 0. 10 g/1 

3 0°CCD«.ST4 0# 

[0107] ( 1 1 ) »ff«46 til 3 2 

tf, TX^itiicilLT, 100mJ/cm2T«U 
0 . 8 %%mi- Y U 7 A7j<^T-ii«iI-r § C i: t £ 
D, f?2 0 ( imOi6^tUi>'Xh2 3?:iy/c (0 4 

(b) #fig) o 

[0 10 8] (12) O^T, S«%5 0°CCD7j<T«}$ 
LTMI U 2 5 XtDi^ttm, £ 6 KBlEKTttJ? U 

h2 3^jSSPK, ff£2 0 fim<E>«)Bffl«)ot|gi3 3 

wife (04 (c) mm o 
[0109] ixum^m 

WSt 2 . 2 4 m o 1 / 1 

mmm 0.26 m 0 1 / 1 

mm 19.5 m 1 / 1 

WKffifi 1 A/ dm* 

BfP^ 6 5 

Sfi 2 2 + 2 "C 

[0 110] (13) SBK, <6ot^7hZ3*5 
%N a OHt»*JMI»£Lfca, h 2 3 

«(5?S46^tM3 3 fcfrBfcSJPS 1 8 /imOaif*Il|ES 
2 5 W7*-rt/2 7**tf) %7TMb/£ (04 
(d) #fiP,) c S^C, ±12 (5) OliTffl^ftl^ 

tafkffi^ffMbfco 

[0111] (14) ^tc, i/xfi/y^'ja-;^^ 
^;l/X-r;l/ (DMDG) 6 0Ma%^SfitC^i> J; 
a * jp5 -y ySx#^« 

(S*{k»W ox^->!5 0%%7^U;WkLrc 
««ttW#o*'J Jv- : 4 0 0 0) 4 6. 6 

7fi«a5s ^f-;bx^;I/^r h >JC«f»*-ti:fc 8 0fl*% 

cifx7x/-;bAix^ ^>^sg aw x mm, 
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SM:xHn-MO0 1) 15. 0«MfW5*" 

v->imtm (mmitm±m, : 2 e 4 m z - c 

N) 1. 61M i7t'K/v-^5 2ti7^'J 
;^yv- (B*{t*ttfii* ffiift* : R 6 0 4) 4. 5 

si^ irii;< w^y^t/v- m*itm±m, 

: D P E 6 A) 1 . 5 lltf, #»^*HJSSI (it 
y/^3aH, S-65) 0. 7 lSMSfcg&fcfc 

¥an) 2. oiii ywtmtLXto^tj-'rY 

9, ttfi£2 5°CT2. OPa • s fc||Bb:fcy;l/*- 

i/^xhiffl«lfto ttfiiflj^ti. Batten- 

(SmW-SSttSL DVL-B§U) T?6 0min-' (rp 
m) Oif-g-teP-^-N o. 4, 6m i n- 1 (r pm) 

[0 112] (15) SFMl^iJf 2 2 

0SS2 5 (/W7*-;b2 7*^«J) ££ffMbfcSlS 
Offiatc, _ktEV;l/*-US>X hi£j£tt* 30(1 mOW 
£ -Pffifli U 7 0 0 CT 2 0 #|H, 70TC730 »M<0*: 
fl=TK»«ll!*RV\ V US>'7ffifi!«jf 3 4 ' 

wsl/c (05 (a) mm o 

[0113] (16) *ffl^y7ffMfflMP£ 
(g^^fc^iffg^?) mf$n<DA*-y 

X h-jf tc£;«£-eT 1 000mj/cm 2 ©Kflifig-eS 
t"gU DMT G^^gUfcaQHU 2 0 0 /imOitgcD 
lP*IMLt„ ^LT, S&fc, 8 0°CT1B#F^ 1 

0 0 °CV 1 fl#|g, 1 2 0 °CT 1 B#H, 1 5 0 °CT 3 B#M 

¥HAy7ffMJW^P3 5fcft^ig?ffiP 
□ 3 1 £££U 2 0 (imOV;^-!/^^ 

H3 4WL/I: (0 5 (b) W 0 /&*3. ±fHV 

[0 114] (17) V0-1/^H34% 
J&SLfcgfi*, mt=.y<rfr (2. 3X 1 0-i mo 1 
/l) , M'J^ithy^ (2. 8xi0-imol 
/l) , ^xyfthiJ^A (1. 6X1 0-'mo 1/ 

l)£$t?pH=4. 50if»x-^;W6^^It2 
0#Mg»l/T, *ffl/^7°ffMfflf^P3 5 h^fi? 
fflB8P3 nc»«5/imO-v>-;l/4i>o*l*JI5filtL 
fe 0 ^Sfc^>7y{b&£D7A (7. 6X 

1 o-%o i / 1 ) , tg{b7>^ex7A (i . 9xio 

-'mo 1/1) , ^x>^hU7A (1. 2X10-1 
mo 1/1) , ^5'jyith'J^A (1. 7X10-1 
raol/1) *$tsMnm&ib-3%16LK 8 0 °C(Dm T 
7. 5^-TOIbT, -v^/WftotilK, ff*0. 
0 3/imOii6-3^i%MU ¥ffl^'VK3 6i:U 

fee 



[0115] (l 8) y;W*-l/->"xH3 4tc 
Mf£Lrc*m^y7Bf&m$n3 5 h^«?ffl^p3 

lfc¥Ba^-Xh*01BiJU ft^*?ffif^P3 
1 (CEPBlJbfc^ffl^-Xht, §^?3 8£J:tf8ft 
i§?3 9£>§ftg|5 3 8 a*5«ktf£JtefflS3 9 a <DfeB£fr 
■£*fiVfctf6ffi!)ttW\ 2 0 0WV7u-tSH£ 
SJtJS^S 8«s«fctf%)tJlS : F3 9*SIS-rSi: 
fcfcfc. ¥ffl^7ffMfflP»f]P3 5tW^7'3 7£ 
JfMU I C^vT'lSSfflgfifcLfc. fc*5, SJfc*? 

3 8fcLTM:, InGaAsfr64*fcO*fflK «Jt 
*?3 9fcLTti, InGaAsPfr6«tO*)B^ 
ft (0 5 ( c ) » „ 

[0116] b. ^iruyhiseiRfiofiPSH 

B - 1 . S»g*fi»liffl1afl]§7 -f ;l/AOff $g 

a - i xfa^ttmtmmm&m^TmmmMm 

mmmm7 ^ !\sh*ttm\,tco 

b - 2 . wmjtmmmm.®M<Dmm. 

[o 1 1 7] b- 3. &m7vyhmm<DW& 

(l)WSO. 6mm0^^x#*">1«flBSfc{4BT 
fflfli^SftSJfilMtSffi 1 OffiSt 1 8 /im©fifB8*< 
7 5*-h«nTV>S»!!S«l«i*aSStffii:Lfe (0 

6 (a) mm o ff\ c^an«[»fi*Ku;nj?L 

tSCfctcttK Sfil©SEfcaM*niK4i:^;l'-* 
[0 118] (2) x;l/-*-;l/2 9kJ»i*lilK2 4 4: 

4 a, 9 amMLTc (06 (b) « „ 

[0 119] (3) ±BEB-2fcEiRL;fcfflfl!ft«tt* 

gPi:#l*lH]IES4£D^g^t^?t««l 0' ©J1£JB 

;i/rtK«mB^flw*ffbaA/^a, ioo°c, zo»o 

ttftmu ioo°c, 2 0»o*fr?e»«^*ci:te 

.tDfflfli^atti o' oisMLft (0 6 (c) # 

[0120] (4) ±hb (3) osaa*«F*/tasfi©M- 
a*, # e o o<D^vmm& G.mmtmm) m 
^rcoihvy?-mmic&v, mfomv&Acomm^z 

;b-*-;V9C7yFgSCiti?tffll 0' tfH&fc 
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I^T, 1 0 CCT 1 H$|Hk 1 2 0°CT'3B#P^, 15 0°C 
T 1 B# US, 1 8 0 °CT- 7 B$ BOiinSU&SfcfT T«fil3fe 

[0 1 2 1] C(D£olcLT, X;l/-^-;b9^aif*[Hl 

aM*@B4o«®*¥ffi^u, i»i!i^«tf i oi:3if*0 

7c, *;l/-*-;l/9®rtSE9 a fcttflgftttft lOttf 
ffi{fcffl£^ tf&» LfeiMMittSfiifeWfe (El 6 

(d) mm o c<Di.mz^, m&mm\ oos 
[0122] (5) ±mm*?m, mmtmLitnk. 

EteX^W-e&tttW-T, «{*[H]£§4£DaiSi:X;l/- 
9 £D -5 > Fgffl i: t *x y f - y ?'-f $ ci £ tc 
i. V , 4 ©£gafcffl{fcffi 4a, 9a fcjftg L 

f; (07 (a) #JRD o Xyf-y^&fcLTte, 
*v*ttlll, *-y*xy*ff>K*fflEl/fc. 
[0 12 3] (6) ±13 B- 1 TfflHLifcaSffiJ: 

tCffiBL, E^O. 4 MP a, &g8 0°C, E*mRS 1 

«kOSMfflfli«S«W2%}KfigU/£: (0 7 (b) W „ 

SSg6 5Pa, E^O. 4MPa, ?Ug8 0, ftH6 
0$>©*ft?#BE»U 1 7 01CT3 0»IBJ» 

[0 12 4] (7) Jfffl1Sjig*f5fiW2±K, J¥* 

1. 2mm®*il?LtfflMSftfcv;***fl-LT, fift 
10. 4(im(DC0 2 ^'Xl/-ftT, If -.MI 4. 0 
mm, hyTVvy h^-K, ^;bXt@8. 0/x#, vx 
7©RI7L©gl. Omm, li/3 7hC^ft«i 
Bg»^/l2t, Kg 8 0 jjmfl)/W7*-;l/fflllllP6* 
ffMbfc (0 7 (c) „ 
[0 12 5] (8) B#H£K«*±S, S V-4 

5 4 0^ffl^T7 P ^XTMII^fV>, IWIII12 
©SWffiftLfc (0 7 (d) #F,S) o ^ffi 

tttfx^LTT^ri'ytfx^fflL, 0 # 

XE 0 . 6 P a , i&g 7 0 °C©^ffT- 2 #W 7v XV© 

X^mtfcm, SV-4 5 4 04ffll/\ Ni**-y 
'vhCWcX^'^'jy^ fU±0. 6Pa, itfi8 
0°C, «^2 0 0W, ^WS^MO^ttTff^, Nlfr 

*3N i /■©Jf-^teO. l/im?$5„ 
[0 12 6] (9) WTOfflfi!lO»«»M«>t)* 

tf?0. 6~3. O/imO&WSSil&ot&fcJML 



fe (0 8 (a) W o fcfc, 0 8tfc^T«, N iff 

LTV>i> 0 

NiS 0 4 0. 0 0 3 mol/ 
1 

ffiEK 0 . 2 0 0 mol/1 

BfM 0.0 3 0 mol/1 

HCHO 0. 0 50 mol/1 

NaOH 0. 100 mol/1 

a, a' -tffc?U^;U 10 0 mg/l 

#iJX*U>yU3-;l/ (PEG) 0. 10 g/1 

3 0 "CWf&fifiT 4 0# 

[0 12 7] (10) ^C, ${gg$ftJl 1 2«Jft 
7£ffflLT, 10 0mJ/cm2«U 0. 8% 
2 0/tmO46-3*U^Xh3*Rttfe (0 8 (b) # 

F.l) o 

[0 12 8] (11) Sfi^ 5 0 1CC7j<T«5Jf» 

LT« U 2 5 °C(D7j<TvJ<^, * 5 lcBffln?«sft b 

h3PffMglUC if* 2 0|tm<D«fl*»a«>^£Ilti3*Jg 

figure (0 8 (c) mm o 

fliEBft 2 . 2 4 m o 1 / 1 

fijft^aa) 0 . 2 6 mol/1 

ffiftnAI 1 9. 5 ml/1 

««HBfi 1 A/dm* 

HtfIqI 6 5 » 

r^fi 22 + 2 t 

[0 129] (1 2) tb-3%Ui?Xh2 3 5 

% N a 0 HT?i«£ Ufcfifc, *©«>^ # U^X h 3 T 
cDlillW^^ffi^, fifEgEfeJ: tf iSHfttzk* i: 

mmib-D^i 3 1 8 n mcomwrn^ 5 

(/W7*-;b7*^ty) »«L/c (0 8 (d) # 

[0 13 0] (1 3) ^K, ±fB (5) ~ (1 2) 

trnm^t^mm^Ltc (09 (a) -01 0 

(a) mm o «6K, ±IS (5) OIlTffl^ftSS 

[0131] (14) i^c, JR^McOVHttllglKStM 2 
7-1 9*^-T5)tSlJSKl 8£ffML/c (01 0 



(14) 
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(b) mm o *<o-m\cim&vB 

9 0° 0^nyHV-*ffl^T4 5° ftSgg$$7 
-1 9WUfcV/iPMMAA^%li7^;l/AttO 

m) ^^S^-iWMiiJ^^OfflSOfiai:!^ 
WJ!B*fitM(Dm i: j^rtJ -5 <fc 5 KBfiO^fc. ftteJttW 

kbois o mit. mftmm^nmmmmmmm torn 

flJLTfcS, ee*&, 6 o^miffllgffrS 

<fc&ffofc„ ftfc\ *H^JT«, 6 0t/mfflO* 

[0 13 2] (15) ^xf-uy^un-^v-^ 
^;l/X-r;l/ (DM D G) £ 6 0 !tt%©iigtcft£ £ 
3 fcrg»£-£fc, * #7 -y ^§x**i/«tl 

!®«^©*U d'?- (^?a : 4 0 0 0) 4 6. 6 

7«B«s, ;nf ;Hrhyic»IB«*ft8 oil* 
iSi»M:i^-Hooi) 15. 

v-jwbmmij (HH^kBaaH, ■ 2 e 4mz-c 

N) 1. 6HM3, iRJfclt^E: 5 2 lTflB7$"J 
(B#{fcS*tl!k : R 6 0 4) 3. 0 

RC<£f57^U;W^/v- («£lk¥« 
[g H a n £ : D P E 6 A) 1 . 5 MSG, #f85S?BJSSiJ «" 
y/y^ttS, S-6 5) 0. 7lM8|5*g8fcfc 

mm) 2. 011^ ftti!®giJ£LT©=t:7-^h 

y {mmtm±W) 0. 2Msp, ^to^c^c^ 

0 » *£fi£: 2 5 °CT' 2 . 0 P a • s fcMtt Lfc V)\z9— 

LfeSfiOWSK, ±IBV;b^-b> ? XhfM^%3 5 
(imOJSSTMU 7 0°CT s 2 0?m 701;? 30 

■ 14' WLfc (HI 0 (c) » „ 
[0 13 3] (16) #^?\ SSOJtEfc, ^ffl/^ 
7ffMffl M □ t ftKffl MP t <D> \* - > fiSB $ nfeW 

$ 5 mm07* hVX^^V;l/^b'>*X HlC«K 
-t±Tl 00 0mJ/cm2 ©JKMS-eRtt U DMT G 
»«TE4M!13U 2 0 0 /i m©|tSOMP*fl5J*L 
fco * LT, £ 5 8 0 °CT 1 B#K, 1 0 0 °CT 1 B$ 
12 0 °CT" 1 B$H, 1 5 0 0 CT 3 B#|g©*#T*n 

* ttira JfcMWi*fT -3 t v ;i/ £ - u hi *«{ k * 
¥H/^7°ffMffliflp 1 5 tmrn^mmn 1 1 t££ 

U ^©JSStf 2 0 /imC0V;l/^-bv ; X hS 1 4£fl2 
fiSLtf: (HI 1 (a) #1© . 

[0134] (17) v;i^- hi 1 4 % 

flMLfcSffi^ tttft-v-r;!/ (2. 3 x 1 0-1 mo 1 



/l) , h'J7A (2. 8xi0-'mol 

/lK *xy$th'J7L (1. 6X1 0-'mo 1/ 

1 ) *£tf p H = 4 . 5 ©fR«W- >y ^r;I/ft otSK2 
OtfHSMLT, W^ffMfflMPl 
mOx-y^;l/&otjf%7ML7Co S&fc. ^OSffi^ 
>'7V'fk^AU9A (7. 6xiO-3mol/l),S 
fk7y*x7A (1. 9 x 1 o-'mo 1 / 1 ) > ^xy 
i?7hU7A (1. 2X 1 0-imo 1/1) , M'Jy 
$?-fhU7A (1. 7xlO->mol/l)^tJii 
»&*ot«fC 8 0*00*^7. 5»H§«LT, x 
>y^r;l/fcotJl±(C, J?£0. 0 3 iim<D&tbr>%m* 
WML, Y 1 6iL/c„ 

[0 13 5] (18) J&fC, V/l^-U^'X hS 1 4 K 

ffMtfc*HAy7°ffMffl^p 1 5tc^ffl^-xh^en 

B'JU 2 0 0°CT-U7n-f §ci:t<i;D¥ffl^y7B 
fiKfflBBPl 5{c^ffl/^7l 7«U £17U>h 

■awsfcus: (1 1 1 (b) mm o 

[0 1 3 6] C. I ClgMffflf^WXOSil 
£1\ ±f5A<DIg%l5Ti!jfiUfc I C^>y7HSffl« 

I C o ^t, CO I Cf-y7^S»« 

t ±t a b oig^it c^i7"'jyh kis* t * 

PjT£©{uHtc*fftSBB£-e, 2 0 0°CTU 7 n-tSC 

mm . 

[0 13 7] CO<tdtcLTf#?»nfcI C^S^Mflffl 
7 U y h Elll&fr 6 ©»WS K: )tt 7 r t) , 

S) , 6^ti:*t^]-r§^3i?siEScD^/i7'; y nasffi^e. 

[0 13 8] 

[fgB^O^*] *58ilO«ii/BT/W^a, ±SBb/c 
^^n^^l7U>hiB^«i;^&«^nTV^fc: 
[HSOffimftf^B^] 

[H 1 ] *&wc>ytmmm7 ! fWx<D-mffi&mitmjS. 

[0 2] *5SW©Jtafflfflr^-rx%«}fiK-r5 I C^-y 
[H3] *fgB^cD^}lfSfflxVWX^«^1-^ I C^-y 
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[0 4] *%^©«afflffl'r/UX*«|Bgt5 I Cf7 

[0 5] *»i80)lfiigfflf/W7*i)St5 I 

[0 6] *^o^afffflrV^X^^?.^l7'U 

y HB»fi*niJist*iafl)-a5**swK:w-riifBH 
[07] ^^©wafiifflr^-rx^afiK-rs^ji^u 

[0 8] *fgB^cD«SfflxV^X^^f 

y HSB»MS*9l!jfit 4lSO-flS*«IS«K:St»iffil8I 
[0 9] *8rc<E>ttffl^fflr^**ttfiK-r S^H^U 

[0 1 0] *«W©)tjifflfflr/UX*«!fiK-r5^*^ 

[011] immnym{m?>u7s*mm%%m-7 

0Tfe§ o 





1 0 0 


3rm J 'J y r mCm-W. 


1 0 1 




1 0 2 




1 0 4 


Mr/-*- fh e& 


1 0 7 




1 0 9 




1 1 1 


7Cifefflwll-i 


1 1 4 


/ivy- \s s a, rm 


1 1 8 




1 1 9 




1 2 0 


T r a- -f<&*£ SB MtG 


1 2 1 


ss 


1 2 2 


/if ra Wta-TEiwif 


1 2 4 


WW iHlifcfl 


1 2 7 




1 2 9 








1 3 4 


/ ivy- i/ s s\ r/w 


1 3 8 




1 3 9 




1 4 0 


I Cf7^ 


1 4 1 


1 4 3 ¥fflg^gf5 


1 4 2 


am 


1 5 0 





140 Ml 143b 127c 
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(so int. ci. 7 mm% 

H 0 5 K 3/46 



F I 

G 0 2 E 



F£-A(##) 2H047 KA03 KB09 LA09 MA05 MA07 

5E336 AA04 AA16 BB03 CC31 CC57 

EE01 GG25 

5E338 AA03 BB75 CC10 CD32 

5E344 AA01 AA22 BB02 BB06 DD02 

EE06 EE23 

5E346 AA12 AA15 AA22 AA32 AA43 

AA51 BB20 FF45 HH01 HH11 



